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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 
at Brookhaven National Laboratory. It is funded by the "Rikagaku 
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of 
Japan. The Center is dedicated to the study of strong interactions, including 
spin physics, lattice QCD, and RHIC physics through the nurturing of a new 
generation of young physicists. 

The RBRC has both a theory and experimental component. At present 
the theoretical group has 4 Fellows and 3 Research Associates as well as 11 
RHIC PhysicsRJniversity Fellows (academic year 2003-2004). To date there are 
approximately 30 graduates from the program of which 13 have attained tenure 
positions at major institutions worldwide. The experimental group is smaller 
and has 2 Fellows and 3 RHIC Physics/University Fellows and 3 Research 
Associates, and historically 6 individuals have attained permanent positions. 

Beginning in 2001 a new RIKEN Spin Program (RSP) category was 
implemented at RBRC. These appointments are joint positions of RBRC and 
RIKEN and include the following positions in theory and experiment: RSP 
Researchers, RSP Research Associates, and Young Researchers, who are 
mentored by senior RBRC Scientists. A number of RIKEN Jr. Research 
Associates and Visiting Scientists also contribute to the physics program at the 
Center. 

RBRC has an active workshop program on strong interaction physics 
with each workshop focused on a specific physics problem. Each workshop 
speaker is encouraged to select a few of the most important transparencies from 
his or her presentation, accompanied by a page of explanation. This material is 
collected at the end of the workshop by the organizer to form proceedings, 
which can therefore be available within a short time. To date there are seventy- 
two proceeding volumes available. 

The construction of a 0.6 teraflops parallel processor, dedicated to lattice 
QCD, begun at the Center on February 19,1998, was completed on August 28, 
1998 and is still operational. A 10 teraflops QCDOC computer in under 
construction and expected to be completed this year. 

N. P. Samios, Director 
November 2004 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 
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Status 

Progress in RHIC Cu Run 
Established stores of 28x28 Cu bunches with 5 . 5 ~ 1 0 ~  
bunch intensity(equiva1ent to 1.6~10' -I pp 
intensity) 
Achieved 0.85m p* at PHENIX and STAR 

bunch 

AGS cold snake is expected to be available for 
installation at the end of Feburary 

Jan. 14, 2005 RHIC Spin Collaboration Meeting 
BNL, Upton 
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Status & Plan for RHIC polarimeter 
.. __ . . . . . ... . .. . . .. . .  

. . I  

New sets of targets were installed before the Cu run 
started 
Replace the target & silicon detectors at the 
beginning of pp Run together with the H jet 
installation 
The new silicon detectors will be calibrated in 2-3 
days, during this period the CNI polarimeters are not 
available 
The deterioration of the silicon detector will be 
monitored during the run. According to Sandro, the 
lifetime of the silicon detectors is about 8 weeks. So, it 
is expected to open the vacuum to replace the 
target and detectors in the early part of the physics 
run 

Jan. 14, 2005 RHIC Spin Collaboration Meeting 
BNL, Upton 



Timeline 

P 

March 1 : AGS pp setup 
March 23: 

end of Cu run and beginning of pp run 
March 23 - March 24 

Jet installation 
CNI pol target&detector installation 
AGS cold snake installation 

March 25 - April 1 
Machine setup 

April 1 - April 15 
Ramp up 

April 16 - June 19 

‘ 1  Physics run 
Jan. 14, 2005 RHIC Spin Collaboration Meeting 

BNL, Upton 



Machine Configuration for pp physics 

: . 

Energy 
Injection: 465 
Store: 191.5 

Working point 
Ramp: 28,72, 29,73 
Store: 28,68/ 29,69 

Lattice: I P 6 8  10 12 2 4  
Injection: 10 10 10 10 10 10 
Store: 1 1 1 0 5 3  10 

Collision Pt: IP 6 8 2 
RF: 



Machine Configuration for pp physics 

Beta functions a t  polarimeters 
reduce the beta functions a t  the location to minimize the 
amount of emittance blowup due to the target 



Machine Configuration for pp to 170 GeV 
II____ 

Energy 
Injection: 46.5 
Store: 325,5 

Working point 
Ramp: 28,72, 29,73 
Store: 28.68, 29.69 

Lattice: IP68 10 12 2 4  
Injection: 10 10 10 10 10 10 
Store: 1 1 1053 10 

Collision pt: 6 8 
RF: 

No rebucketing at store 
I,,,,, 1 , 1 1 1  1 1 1 1 1  $ 1  8 8  , a  , I  

Jan. 14F 2005 RHIC Spin Collaboration Meeting 
BNL, Upton 



Machine Configuration for pp to 21 7 GeV 

Energy 
Injection: 46.5 
Store: 414.5 

Working point 
Ramp: 28.72, 29,73 
Store: 28.68, 29,69 

Lattice: IP 6 8 10 12 2 4 
Inject 
Store: 

Collision 
RF: 

on: 10 10 10 10 10 10 
0.85 0.85 10 5 3 10 
Pt: 6 8 

Jan. 14, 2005 
__ - 

RHIC Spin Collaboration Meeting 
BNL, Upton 



Acceleration beyond 100 GeV .."..- 

Goal 
To evaluate the spin dynamics beyond 100 GeV 

What's the impact of 1 rnm rms orbit distortion(achieved) on 
the polarization transmission efficiency? 
How much can we correct the orbit with the existing RHlC 
orbit correction system at higher energy? 

To provide a guidance/justification for the full ring re- 
alignment of RHlC during summer of 2005 

Expection 
Little or no polarization is expected at energy of 21 7 GeV 
with 1 mm orbit distortion 
Polarization ramp measurement will be the key technique 
in exploring the depolarization mechanisms and locations. 

Jan. 14, 2005 RHIC Spin Collaboration Meeting 
BNL, Upton 



Acceleration beyond 100 GeV 

Plan 
Simulation 

Spin tracking with -1 mm rms orbit distortion 
Spin tracking with different orbit distortions to evaluate the 
tolerance of orbit distortions. 

Develop the ramp to 1 70 GeV(1 Om - 2m from inj to 1 OOGeV 
With beam 

And remain 2m upto the top) 
Measure the polarizationforbit distortion along the ramp 
Vary the orbit distortion around 135 GeV where the strong 
intrinsic resonance is located 

Measure the polarization/orbit distortion along the ramp 
Develop the ramp to 21 7 GeV 

Jan. 14, 2005 RHIC Spin Collaboration Meeting 
BNL, Upton 
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Strip distribution for energy interval: 1250 - 1750 keV 
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(PBeam), ( pTalxet ) = 0 averaging over all runs (PT) and all fills (PB) 

works also if Am = 0 
5 Alessa nd ro 6 rava r 
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-0.01 

I 
‘ ‘forbidden” asymmetries 

I 

2 major sources 
of systematic 
uncertainties: 

beam polarization 
energy scale 
(dead layer) 



v a* 

similar acceptance as for the data shown 
will use one detector centered w.r.t. to the target 

“or 
increase statistics: 

4 x more running time (based on 2004 - 1 month) 
and / or 

more beam in RHIC (in 2004 had - 40 x 10l1 p) 
0 higher beam polarization 

0 reduce systematic error by 2 
more background running (at least 10 % of data) 

4-36mm 

j g: f; ,I \@ i e; 
better P,,,, determination 

0 energy scale and “dead layer” 
new &rounding sch6 AC coupling 

Alessandro Bravar 
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H2+ ions transport. 



Ion spectra measured with the new diagnostic device. 
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Research Plan for Spin Physics at RHIC 
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1 Executive Summary (by Gerry) 

Briefly describe the physics casehighlights of the RHIC Spin program, the detector and acceler- 
ator capabilities and their development, and the plans over the next few years. 

In this report we present our research plan for the RHIC spin program. The Department of 
Energy’s Office of Nuclear Physics Science and Technology Review Committee, in their report 
of September 2004, recommended preparation of a plan that covers 1) the science of RHIC spin, 
also in the context of work world-wide; 2) the requirements for the accelerator; 3) resources that 
are required including timelines; and 4) the impact of a constant effort budget to the program. 
The RHIC Spin Plan Group was charged by Thomas Kirk, BNL, Associate Director for High 
Energy and Nuclear Physics, to create this plan. 

The RHIC spin physics program contributes to a developing understanding of the known 
matter in our universe. This matter is predominantly nucleons, protons and neutrons of atomic 
nuclei. Deep inelastic scattering of high energy electrons from protons established in the 1960s 
that the nucleons are built from quarks.Quantum chromodynamics (QCD) is now believed to be 
the theory of the nuclear force, with protons built from quarks and the QCD force carrier, the 
gluons.Unpolarized studies have verified many predictions of QCD, probing deeply inside the 
proton using unpolarized colliders at very high energy. These experiments have determined with 
great precision the unpolarized structure of the nucleons, the distributions of quarks, gluons, and 
anti-quarks. 

There has also been considerable progress, and a major surprise, studying the spin structure 
of the nucleons. Polarized deep inelastic experiments @IS) from the 1980s to now, done at the 
SLAC, CERN, and DESY accelerator laboratories, have shown that the quarks and anti-quarks 
in the proton and neutron carry very little of the spin of the nucleon, on average. Roughly 75% 
of the nucleon spin must be carried by its gluons and by orbital angular momentum. This was 
seen as quite surprising in 1989 when it was first discovered. Although the QCD theory does 
not yet provide predictions for this structure, it was expected that the quarks would carry the 
nucleon spin. This polarized DIS result indicated that the proton and neutron have surprising 
spin structure, and probing this structure has become a major focus in our field. 

The DIS experiments probe the nucleon using the electromagnetic interaction. The electro- 
magnetic interaction scatters through electric charge, directly observing the effect of the charged 
quarks and anti-quarks in the nucleon, but not the electrically-neutral gluons. 

The RHIC spin program, colliding polarized protons at fi=200 GeV and above, uses the 
strongly interacting quarks and gluons from one colliding proton to probe the spin structure of 
the other proton. The RHIC program is particularly sensitive to the gluon polarization in the pro- 
ton, which will be independently measured with several processes. In addition, parity-violating 
production of W bosons at RHIC will offer an elegant method to directly measure the quark and 
anti-quark contributions to the proton spin, sorted by type of quark. These measurements explore 
the structure of longitudinally polarized protons. The transverse spin structure of the proton can 
be different from longitudinal, and this is also a major topic at RHIC, and large spin asymmetries 
have already been observed. 

The RHIC spin program is underway. Highly polarized protons, P=45%, have been success- 
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fully accelerated to 100 GeV, using unique sets of magnets called Siberian Snakes in the RHIC 
accelerator. The first polarized collisions at fi=200 GeV took place in 2001, and polarization 
and luminosity have been increased substantially since then. The RHIC spin accelerator complex 
includes a new polarized source providing very high intensity polarized (p=80%) H -  ions, new 
"partial" Siberian Snake magnets in the AGS accelerator, four "full" Siberian Snakes in RHIC, 
and eight sets of Spin Rotator magnets in RHIC. Polarization is measured with new devices in the 
LINAC accelerator, the AGS, and in RHIC. Absolute polarization was determined at 100 GeV 
using a polarized atomic hydrogen gas "jet" target in RHIC in 2004. Progress in polarization and 
luminosity has been made by combining machine work with periods of sustained collisions for 
physics. 

The two large RHIC detectors, PHENIX and STAR, have photon, electron, charged hadron, 
and muon detectors, all important for the spin program. Measurements of the unpolarized cross 
sections for xo and direct y production, reported by the RHIC experiments, are described well 
by QCD predictions. These predictions are based on a perturbative expansion of QCD and cal- 
culations have been carried out to two orders for all important RHIC spin processes. Theoretical 
understanding of these important probes for spin physics at RHIC is robust. First spin measure- 
ments from RHIC have been published, showing a large spin asymmetry for 7ro produced in the 
collision of transversely polarized beams, and a helicity asymmetry' for 7ro production, sensitive 
to gluon polarization, consistent with zero. 

We now summarize our findings on the four areas in the charge. 

Science. Gluon polarization will be measured at RHIC using several independent methods: 
TO, je t ,  direct y and y+ jet, and heavy quark production. Results from the different methods 
will both overlap to allow us to test our understanding of the processes involved, and expand the 
range of momentum fraction for the measurements. We want to learn both the average contri- 
bution to the proton spin of the gluons, as well as a detailed map. We use first the higher cross 
section processes, 7ro and jet production, and, as we reach higher luminosity and polarization, 
the clean but rarer process of direct y production. We plan to emphasize these measurements for 
+=200 GeV collisions from 2005-2008. At that time, we expect to have reached a precision 
that can clearly distinguish between zero gluon polarization and a minimal ("standard") gluon 
polarization. A large gluon polarization, consistent with the gluon carrying most of the spin of 
the proton, would be precisely measured. In this period we will also pursue the question of the 
transverse spin structure. Gluons, massless spin 1 particles, cannot contribute to the transverse 
spin. Large transverse spin asymmetries have been seen for DIS and now for RHIC, so this  topic 
is also a potential window into a new understanding of the structure of the nucleons. 

Production of W bosons, the carrier of the weak interaction, has an inherent handedness. At 
RHIC we plan to use this "parity violation" signal to directly measure the polarization of the 
quark and anti-quark that form the W boson. To do this we will run at the top RHIC energy, 
+=500 GeV. This will provide the first direct measurements of anti-quark polarization in the 
proton, with excellent sensitivity. We plan to begin these measurements in 2009. The W mea- 
surements will require completed detector improvements for both PHENIX and STAR. 

The RHIC spin results will provide precise measurements of gluon and anti-quark polariza- 
tion. With these results we will also understand the role of the remaining contributor to the 
proton spin, orbital angular momentum. We will have also explored our understanding of the 



interconnected results from the different RHIC spin probes, and from the DIS measurements. 
The sensitivity at RHIC for gluon polarization is shown in Figure 1, where we also include the 
sensitivity for the ongoing DIS experiment .at CERN, which measures gluon polarization b y  the . 
production of hadrons. From the figure, we see that RHIC will provide precise results over a 
large range in momentum fraction, characterizing the gluon contribution to the proton spin. 

Figure 1: Delta G/G(x) vs. log x with a model, showing the x range for various RHIC pro- 
cesses and with expected uncertainties. Also indicate 200 and 500 GeV data. Include COMPASS 
expected uncertainties for Q2 > 1. 

The sensitivity of RHIC for anti-quark polarization is shown in Figure 2. We will measure 
the ubar and dbar anti-quark polarization to about f0.01, as well as u and d quark polarization. 
The measurement is direct and very clean, using parity violating production of W bosons. DIS 
measurements also study anti-quark polarization. The method has the disadvantage of theoretical 
uncertainties on modeling the fragmentation and the advantage that the method is accessible to- 
day. The RHIC and DIS methods probe the proton at very different distances, or Q2, where RHIC 
corresponds to X Fermi and DIS to Y Fermi, compared to the proton radius 1 Fermi. The theory 
of QCD prescribes how to connect the results from different probing distances-the description 
of unpolarized DIS results over a very large distance range is one of the major successes of 
QCD. Both the anti-quark and the gluon results from RWIC and DIS test the QCD assumption 
of universality: the physics for both proton and lepton processes can be described with the same 
underlying quark, anti-quark, and gluon distributions. 

Figure 2: Delta Q/Q(x) vs. log x with a model, for u, d, ubar and dbar. Show RHIC expected 
uncertainties, DIS (or show A! with DIS measurements and RHIC sensitivities?). 

We emphasize that the planned RHIC program will make major contributions to our under- 
standing of matter. Our results will complement the DIS measurements, completed and planned. 
We include in our report expectations from a next stage of DIS-colliding polarized electrons with 
polarized protons and neutrons which probes still further into the structure of matter. As w e  de- 
velop theoretical tools to apply QCD to understand this structure, these spin results will provide 
a deep test of our understanding of the fundamental building blocks of matter. 

Perjornuznce Requirenzents. The program requires RHIC beams with high polarization, and 
high integrated luminosity. For our sensitivities above we have used Pd.7  and luminosity 300 
pb-' at fi=200 GeV and 800 pb-l at &=SO0 GeV. (Note that this would be "delivered" lumi- 
nosity, while the figures would use recorded luminosity. We would make this point in t he  body 
of the report.) 

The polarization level is presently Pa.45,  and is expected to reach 70% polarization by 
2006. This improvement is anticipated from new Siberian Snakes installed in the AGS i n  2004 
and 2005. 

The average luminosity at store must be increased by a factor 15 to reach the integrated 
luminosity goals in three years of running, 10 physics weeks per year. To achieve this will require 
completion of the planned vacuum improvements in RHIC, expected for 2007. The hminosity 
increase then comes from reaching a bunch intensity of 2x 10". A limit will be caused by beam- 
beam interactions that change and broaden the betatron tune of the machine, moving part of the 
beam into a beam resonance region where be& is then lost. Work in 2004 discovered a new 
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betatron tune for RHIC that greatly improves loss from the beam-beam interaction. RHIC at  our 
luminosity goal will be above previously reached tune spread limits, and will be close to vacuum 
limits from the development of electron clouds. 

Reaching these goals requires learning by doing. We plan to study limits and develop ap- 
proaches to improve the polarization and luminosity during physics runs by including beam stud- 
ies for one shift per day. It is also important that a sustained period of running and development 
be followed, if possible each year. It is this approach that has led to the major improvements for 
heavy ion luminosity and to our improvements to this date in polarization and proton luminosity. 

Experiment Resources. The PHENIX and STAR detectors are complete, for the gluon polar- 
ization program. Improvements to both detectors are required to carry out the W physics pro- 
gram. Both experiments also plan upgrades that benefit both the heavy ion and spin programs, 
significantly extending the range of physics probes for spin. 

PHENIX. The present online event selection for muons, the channel used for W physics, will 
need to be improved for the W luminosity. New resistive plate chambers (RPC) are being pro- 
posed to provide the tighter event selection, along with electronics changes to the muon tracking 
readout. The RPC proposal was submitted to NSF in January 2005, with a cost estimate of $1.8M. 
The tracking readout proposal has been submitted to the Japan Society for the Physical Sciences, 
with a cost of $1 .OM. The planned timeline for both is to complete for the 2008 run. 

STAR. New tracking for forward electrons from W decay is necessary for the W program. 
It is planned to propose this upgrade in 2006 to DOE, with an estimated cost of $5M, although 
research and development on the technology (GEM detectors) is proceeding and the cost estimate 
is rough at this time. The forward tracking detector is to be completed for the 2010 run, with part 
of the detector in place earlier. 

Heavy IodSpin Upgrades-PHENIX. PHENIX plans a barrel micro vertex detector which 
gives access to heavy quark states and to jet physics based on tracking. The heavy quark data 
will add a new probe for gluon polarization at lower momentum fraction (shown on Fig. 1). 
The jet information will be used in correlated (y+jet) measurements, which better determine the 
subprocess kinematics for gluon polarization measurement. A second upgrade being planned is 
to change the brass "nose cones", used as a filter for the muon arms, to active calorimeters that 
will measure photons, T O  and jet energy. The nose cone calorimeters would provide a larger 
momentum fraction range for the gluon polarization measurements. Both are important upgrades 
for the heavy ion physics program. The vertex detector is planned for the 2008 run, and the  nose 
cone calorimeter proposal is being developed now. 

Heavy Ion/Spin Upgrades-STAR. Expanded forward calorimeters are being proposed for 
STAR to NSF in January 2005. The calorimeters will measure the gluon density for proton- 
gold collisions, and will also provide very significant spin measurements. With the calorimeters, 
forward TO, y, and jet events can be observed, giving sensitivity to gluon polarization at lower mo- 
mentum fraction, as shown on Fig. l. A second upgrade driven by the heavy ion program, a barrel 
inner tracker, will give access to heavy quark measurements for spin. The forward calorimeters 
are to be in place for the 2007 run. The barrel inner tracker is to be completed for the 20?? run. 

To summarize, the muon trigger improvements for PHENIX and the forward tracking upgrade 
for STAR are necessary for the W physics program shown in Fig. 2. PHENIX expects to be ready 
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for a full 500 GeV program by 2009, and STAR expects to have part of its detector ready for 2009, 
and the full tracker for 2010. Heavy iodspin upgrades are being planned that significantly expand 
the range and sensitivity for spin measurements. 

Impact of 10 and 5 Physics Weeks per Year We have been requested in the charge to consider 
two scenarios: 1 0  and 5 spin physics weeks per year. We would like to emphasize that we 
expect the actual running plan to be developed from the experiment beam use proposals. 0~ 
consideration of these scenarios should not suggest that we advocate a change to this successful 
approach. 

We show in Fig. 3 the impact of 10 and 5 spin physics weeks per year. The "target" represents 
the luminosity used for the sensitivities shown in the figures above. With 10 weeks per year, we 
achieve the &=200 GeV target in 3 years, where we assume that we successfully climb the 
learning curve to reach the target store luminosity. The 500 GeV running target is also expected 
to be achieved in 3 years (there is a natural luminosity improvement for 500 GeV of a factor of 
2.5 over 200 GeV from the smaller cross section beams). 

With 10 spin physics weeks per year, ow proposed target sensitivities can be reached running 
at &=ZOO GeV from 2005-2008, and at @=500 GeV from 2009-2012, where we have assumed 
that 2009 will be an "engineering" year, learning to handle the high luminosity and to commission 
the new detectors. This is our proposal. 

As can be seen in Fig. 3, running 5 spin physics weeks per year (we have interpreted this as 
running 10 spin physics weeks every two years to improve end effects), each program, 200 GeV 
and 500 GeV, takes more than 6 years. Under this scenario RHIC would run roughly 25% of the 
year, and both the heavy ion and spin programs would be stretched a factor of greater than two in 
calendar time. 

Fig. 3: pp luminosity projections for 10 and 5 physics weeks per year (5=10/2). 

2 The case for RHIC Spin 

2.1 Introduction: what we have learned so far (Werner - still very much 
under construction! I have more, but it's not in yet.) 

Spin physics at FWIC has largely been motivated by the exciting and unexpected results from the 
tremendously successful experimental program on polarized deeply-inelastic scattering over the 
last - 30 years. At the center of attention was the nucleon's spin structure function gl(z, Q'). 
These data have provided much interesting information about the nucleon and QCD. They have 
given direct access to the helicity-dependent parton distribution functions of the nucleon, 

which count the numbers of partons with same helicity as the nucleon, minus opposite. Fig. 1 
shows a recent compilation [?I of the world data on g1 (z, Q2), and results of a recent analysis of 
those data in terms of the A f. 
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Figure 1: Left: ,data on the spin structure function gl, as compiled and shown in [?I. Right: 
analysis of polarized DIS in terms of spin-dependent parton densities of the nucleon. The shaded 
bands display the current uncertainties (statistical only) [?I. 

Polarized DIS actually measures the combinations Aq + Aij. From z + 0 extrapolation of 
the structure functions for proton and neutron targets it has been possible to test and confirm the 
Bjorken sum rule [?I. Polarized DIS data, when combined with input from hadronic ,B decays, 
have allowed to extract the - unexpectedly small - nucleon's axial charge N (PI 1c) rfl 'y5 $lP), 
which is identified with the quark spin contribution to the nucleon spin [?I. 

2.2 Compelling questions in spin physics 

The results from polarized inclusive DIS have led us to identify the next important goals in our 
quest for understanding the spin structure of the nucleon. The measurement of gluon polariza- 
tion Ag = g+ - g- is a main emphasis at several experiments in spin physics today, since Ag 
could be a major contributor to the nucleon spin. Also, more detailed understanding of polarized 
quark distributions is clearly needed; for example, we would like to know about flavor symmetry 
breakings in the polarized nucleon sea, details about strange quark polarization, the relations to 
the F, D values extracted from baryon ,B decays, and also about the small-lr: and large-z behavior 
of the densities. Again, these questions are being addressed by current experiments. Finally, we 
would like to find out how much orbital angular momentum quarks and gluons contribute to the 
nucleon spin. Ji showed [?I that their total angular momenta may be extracted from deeply-virtual 
Compton scattering, which has sparked much experimental activity also in this area. 

0 initial information on spin structure of the nucleon, spin "crisis" & spin sum rule 
0 motivation for studies of gluon polarization Ag and for further studies of quark polarization 

parton angular momenta 
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e transverse-spin asymmetries, transversity, parton correlations, parton transverse momentum Lk 
spin, and what they tell us about the nucleon 
0 physics of elastic scattering 
0 wider context of nucleon spin structure 
0 why polarized pp scattering to answer these questions ? What can it probe ? Complementarity 
to DIS 
(leads into next section) 

2.3 Unpolarized pp scattering (Stefan & Werner) 

2.3.1 Introduction 

The basic concept that underlies most of RHIC spin physics is the factorization theorem [ll. 
It states that large momentum-transfer reactions may be factorized into long and short-distance 
contributions. The long-distance pieces contain information on the structure of the nucleon in 
terms of its distributions of constituents, “partons”. The short-distance parts describe the hard 
interactions of these partons and can be calculated from first principles in QCD perturbation, 
theory. ‘While the parton distributions describe universal properties of the nucleon, that is,  are 
the same in each reaction, the short-distance parts carry the process-dependence and have to be 
calculated for each reaction considered. 

As an explicit example, we consider the cross section for the reaction p p  + n ( p l ) X ,  where 
the pion is at high transverse momentum p l ,  ensuring large momentum transfer. The statement 
of the factorization theorem is then: 

x deEb(xaPA7 XbPB, PT/% P) 7 (2) 

where the sum is over all contributing partonic channels a + b + c + X ,  with d r?& the associated 
partonic cross section. Any factorization of a physical quantity into contributions associated with 
different length scales will rely on a “factorization” scale that defines the boundary between what 
is refered to as “short-distance” and “long-distance”. In the present case this scale is represented 
by p in Eq. (2). 1-1 is essentially arbitrary, so the dependence of the calculated cross section on 
p represents an uncertainty in the theoretical predictions. However, the actual dependence on 
the value of ,u decreases order by order in perturbation theory. This is a reason why knowledge 
of higher orders in the perturbative expansion of the partonic cross sections is importamt. We 
also note that Eq. (2) is of course not an exact statement. The factorized structure does become 
arbitrarily accuracte at very high momentum transfer. At lower momentum transfer, there are 
corrections to Eq. (2) as such, which are down by innverse powers of the hard scale. These are 
the so-called “power-suppressed” (or, less precisely, “higher-twist”) contributions. They involve 
interesting physics per se, as we will see for one example in the section on transverse spin below. 
Concerning the study of parton distribution functions they are to be regarded as “contaminations”, 
and one has to be sure that they are rather unimportant for the kinematics of interest. 

Eq. (2) offers the possibility to study nucleon structure, represented by the parton densities 
fa,*(%, p ) ,  through a measurement of d 0, hand in hand with a theoretical calculation of d 6. In 
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Figure 2: Factorization in terms of parton densities, partonic hard-scattering cross sections, and 
fragmentation functions. 

this particular example, the fact that we are observing a specific hadron in the reaction requires 
the introduction of additional long-distance functions, the parton-to-pion fragmentation functions 
0,“. These functions have been determined with some accuracy by observing leading pions in 
ese- collisions and in DIS [2]. A graph such as in Fig. 2 serves as an illustration of QCD 
factorization [ 11. 

As mentioned above, the partonic cross sections may be evaluated in perturbation theory. 
Schematically, they can be expanded as 

de::) is the leading-order (LO) approximation to the partonic cross section. The lowest or- 
der can generally only serve to give a rough description of the reaction under study. It merely 
captures the main features, but does not usually provide a quantitative understanding. The  first- 
order (“next-to-leading order” [NLO]) corrections are generally indispensable in order to arrive 
at a firmer theoretical prediction for hadronic cross sections. Only with knowledge of the NLO 
corrections can one reliably extract information on the parton distribution functions from the re- 
action. This is true, in particular, for spin-dependent cross sections, where both the polarized 
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Figure 3: Data from Phenix and STAR for inclusive T O  production at RHIC. 

Figure 4: Data fiom Phenk for inclusive pp + y X  production at RHIC. 

parton densities and the polarized partonic cross sections may have zeros' in the kinematical re- 
gions of interest, near which the predictions at lowest order and the next order will show marked 
differences. 

There have already been results from RHIC that demonstrate that the NLO framework out- 
lined above is successful. Figure 4 shows comparisons of data from Phenix a n d  STAR for 
inclusive-pion production pp + noX with NLO' calculations. As can be seen, the agreement 
is excellent at central and forward rapidities, and down even to p~ values as low as p~ 2 1 GeV. 
Similar comparisons are shown for prompt-photon production pp -+ yX in Fig. ??, showing a 
similar level of agreement. We note that such an agreement was not found in previous compar- 
isons of NLO calculations and data in the fixed-target regime. The good agreement of the pion 
and photon spectra with NLO QCD at RHIC's a, and the good precision of t h e  RHIC data 
provide a solid basis to extend this type of analysis to polarized reactions. They give confidence 
that the theoretical hard scattering framework also used for calculations for RHIC spin is indeed 
adequate. 

Fig. 5 decomposes the T O  cross section at central rapidities into the contributions from the 
two-parton initial states. It is evident that forpl  5 15 GeV processes with initial gluons dominate 
by far. This is even more pronounced in case of prompt-photon production, where the Compton 
process qg -+ yq is responsible for more than 90% of the cross section. This implies that such 
reactions are excellent probes of gluons in the nucleon, and suggests to use them in polarized 
collisions to learn about gluon polarization. We will now turn to polarized pp collisions at RHIC. 
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Figure 5: Partonic decomposition of the initial and final state of p p  collisions at 200 GeV. 

2.4 Probing the spin structure of the nucleon in polarized pp collisions 
(Marco & Werner) 

The basic concepts laid out so far for unpolarized inelastic pp scattering carry over to the case of 
polarized collisions: spin-dependent inelastic pp cross sections factorize into “products” of po- 
larized parton distribution functions of the proton and hard-scattering cross sections describing 
spin-dependent interactions of partons. As in the unpolarized case, the latter are calculable in 
QCD perturbation theory since they are characterized by large momentum transfer. Schemati- 
cally, one has for the numerator of the spin asymmetry: 

where @ denotes a convolution and where the sum is over all contributing partonic channels 
a + b -+ c + X producing the desired high-m or large-invariant mass final state. dA6,b is 
the associated spin-dependent partonic cross section. Eq. (4) equally applies to longitudinal and 
transverse polarization. In the former case, the parton densities are the helicity distributions 
introduced in the previous section, and the spin-dependent partonic cross sections are defined as 

the signs denoting the helicities of the initial partons a, b. In case of transverse polarization, 
the parton densities are the transversity distributions to be discussed in more detail below, and 
the partonic cross sections are defined similar to 5, but for transverse initial polarization. One 
then customarily uses a small S to designate polarized quantities instead of a captial one. In this 
section, we will focus on the longitudinal case; we will return to transverse polarization in the 
next section. 
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Ag NLO [?I 
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A!?, & 

NLO [?, ?, ?] 

NLO [?, ?, ?] 

Since the partonic cross sections are calculable from fist principles in QCD, Eq. (4) may 
be used to determine the polarized parton distribution functions from measurements of the spin- 
dependent pp cross section on the left-hand side. Another crucial point here is that, as discussed 
in the previous section, the parton distributions are universal, that is, they are the same in all 
inelastic processes, not only in pp scattering, but also for example in deeply-inelastic lepton nu- 
cleon scattering which up to now has mostly been used to learn about nucleon spin structure. This 
means that inelastic processes with polarization have the very attractive feature that they probe 
fundamental and universal spin structure of the nucleon. In effect, we are using the asymptotically 
free regime of QCD to probe the deep structure of the nucleon, which is clearly nonperturbative. 

At RHIC, there are a number of interesting and measurable processes at our disposal. The 
key ones, some of which will be discussed in detail in the following, are listed in Table 1, where 
we also give the dominant underlying partonic reactions and the part of nucleon structure they 
probe. Basically, for each one of these the parton densities enter with different weights, s o  that 
each has its own role in helping to determine the polarized parton distributions. Some will allow 
a clean determination of gluon polarizations, others are more sensitive to quarks and antiquarks. 
Eventually, when data from RHIC will become available for most or all processes, a "global" 
analysis of the data, along with information from lepton scattering, will be performed which then 
determines the Aq, Atj, Ag. 

As we have already mentioned a number of times, the partonic cross sections are calculable in 
QCD perturbation theory. The sensitivity with which one can probe the polarized parton densities 
will foremost depend on the weights with which they enter the cross section. Good measures for 
this are the so-called partonic analyzing powers. The latter are just the spin asymmetries 

(6) 

for the individual partonic subprocesses. Figure 6 shows these analyzing powers at lowest order 
for most of the processes listed in Table 1. One can see that the analyzing powers are usually 

d&b(++) - d b ( + - )  
d&b(++) + d&(+-) 

= 
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Figure 6: Spin asymmetries for the most important partonic reactions at FWIC at lowest order in 
QCD. Left: helicity dependence, right: transverse polarization. 

very substantial. For future reference, we also give the subprocess asymmetries for transverse 
polarization. 

It is also very important that the partonic analyzing powers be known accurately. This means 
that one should include, where available, at least the first-order (“next-to-leading order” (NLO)) 
QCD corrections to the partonic hard-scattering cross sections. NLO corrections significantly 
improve the theoretical framework; it is known from experience with the unpolarized case that 
the corrections are indispensable in order to arrive at quantitative predictions for hadronic cross 
sections. Indeed, as we have seen in the preceding subsection, the perturbative framework at NLO 
leads to an excellent agreement of theory calculations with RHIC high-pT cross section data in 
the unpolarized case. The past few years have seen a tremendous progress on the correspond- 
ing calculations of NLO corrections for the spin-dependent proceses, with the corrections now 
known for literally all relevant processes. In some cases, next-to-next-to-leading order (NLLO) 
corrections are known, and all-order QCD resummations of large perturbative corrections have 
been applied occasionally. In summary, all tools are in place now for an adequate theoretical 
treatment the spin reactions relevant at RHIC. 

We will now address some of the most important processes in more detail, summarizing 
theoretical predictions and experimental plans and prospects at RHIC. We will start with those 
that are sensitive to gluon polarization in the proton, and then discuss W production which will 
give information about the quark polarizations. 

2.4.1 Probing gluon polarization (from here on we’ll need to insert things from Steve Vig- 
dor below!) 

As follows from Table 1, gluon polarization can be probed in a variety of ways at RHIC. This 
is important, since it will important cross-checks testing the consistency of the various measure- 
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ments and of the theoretical framework. 

Prompt-photon production. The “gold-plated” channel at RHIC is prompt-photon production 
p p  -+ yX which is largely driven by the Compton process qg + yq and is a particularly 
probe clean thanks to the photon final state. We emphasize again that from the results 
shown in the preceding section, Fig. ??, we know that NLO theory provides a good de- 
scription of the unpolarized cross section for p p  -+ yX already measured at RHIC, which 
gives confidence that NLO predictions for the double-spin asymmetry for p p  + yX are 
realistic as well. 
Figure 7 shows such theoretical NLO calculations for AZL at RHIC, for = 200 GeV. 
An isolation cut on the photon has been imposed. The key point is now to assess the 
sensitivity to gluon polarization, Ag. To do this, we choose the sets of polarized parton 
distributions by [?I that we already introduced in Figure ??. As we discussed there, the 
shaded bands represent the “1-0” uncertainties with which we currently know the densities 
from deeply-inelastic scattering. The authors of [?I provide parameterizations of parton 
density sets that span these bands, which are ideally suited for estimating the sensitivi- 
ties and expected improvements from RHIC. For the reader’s convenience, we show in 
the left part of Fig. 7 again the uncertainty in the polarized gluon density, which turns out 
to be the clearly dominant factor here. The shaded band translates into the band shown 
for AIL on the right-hand-side, which would then represent the uncertainty related to Ag 
which we would currendy have in predictions of that spin asymmetry. For further com- 
parison, we also show a theoretical prediction based on a very negative gluon polarization 
function [?I, which is currently only marginally excluded by the DIS data. The error bars 
given in the figure are projections for statistical errors achievable at RHIC with polariza- 
tion P = 0.7 and integrated luminosity C = lOO/pb. Figure 8 shows similar results, but 
at = 500 GeV, and with expected errors for P = 0.7 and C = 300/pb. It is evident 
that RHIC measurements will significantly reduce the uncertainty in Ag through prompt 
photon measurements alone. 

High-pT pion and jet production. Hadrons and jets are very copiously produced in pp colli- 
sions, which results in very small statistical uncertainties of the spin asymmetries. 

(Anti)quarks from W production Hadrons and jets are very copiously produced in pp  colli- 
sions, which results in very small statistical uncertainties of the spin asymmetries. 

2.5 RHIC Spin Report for DOE: Outline of Gluon Section 2.3.2 (by S. 
Vigdor) 

(each major heading represents 1 paragraph; some of the figures will likely appear in other 
sections of the report) 

A. Experimental approaches to determining gluon helicity preferences in p+p 

1. Advantages of p+p: direct gluon involvement at LO; sizable pQCD spin sensitivity via 
ALL. 2. Goals: improve statistical precision on (g(x) by at least a factor 2 vis--vis DIS analyses, 
for x 0.1; reduce interpretation uncertainties via direct sensitivity; extend measurements to as low 
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Figure 7: Left: current uncertainty in Ag(z) from polarized DIS, as given by the set of polarized 
parton distributions of [?I. Right: range of spin asymmetries A L L  for prompt photon production 
corresponding to that uncertainty . Expected statistical error bars at RHIC for = 200 GeV are 
shown for P = 70% and ,C = lOO/pb. The calculations have been performed for the acceptance 
of the Phenix detector. 
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Figure 8: Same as Fig. 7, but for 4 = 500 GeV. 

x as possible, to permit constraint on integral (8. 3. Demonstrate robustness of (g(x) extraction, 
evaluate interpretation uncertainties by comparing: results for different channels, with differing 
experimental/ interpretation issues; results for same x range probed at different pT (evolution 
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Figure 9: Same as Fig. 7, but for p p  + noX at central rapidities. 
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Figure 10: Same as Fig. 7, but forpp + noX at slightly forward rapidities, 1 5 7 5 2. 

sensitivity); results with different constraints on flavor and x-range of colliding partner parton; 
quark polarizations extracted from p+p with those from DIS. 4. Figure: LO Feynman diagrams 
relevant to jet, photon and heavy flavor production. 

B. Abundant probes: inclusive jet and pion ALL 

1. Advantages: large cross sections; NLO success for (0 cross sections; significant (g sensitiv- 
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Figure 12: Same as Fig. 7, but for p p  + jetX at rapidities, 1 5 r]  5 2 and 8 = 500 GeV. 

ity. 2. Disadvantages: competition among LO subprocesses; combination of linear and quadratic 
sensitivity to (g, and pT-dependent dilution from qq contributions; sensitivity to fragmentation 
functions and convolution over significant range of partonic pT scales; possible jet trigger bi- 
ases; averaging over substantial x-range. 3. (0 and jet reconstruction efficiencies in PHENIX, 
STAR 4. Projected timeline and achievable uncertainties, compared to models consistent with 
DIS'database. Figures: PHENIX (0, ALL results and projections; STAR jet ALL projections for 
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Figure 13: Same as Fig. 12, but for a = 200 GeV. 

run 5. 

C. Dijet and dihadron correlations 

1. Measure ALL as function of pT and ((: exploit unpolarized PDF differences and quark vs. 
gluon fragmentation differences to vary partonic subprocess sensitivities in controlled way. 2. 
Figure: from Les , to indicate subprocess sensitivity for different rapidity intervals in di-hadron 
measurements (?) 

D. Inclusive direct photon production 

1. Advantages: dominance of QCD Compton at LO; direct measurement of pT for partonic 
subprocess (modulo kT uncertainties). 2. Interpretation issues: NLO difficulties for cross sec- 
tions; fragmentation photon contributions, and the effect of experimentally achievable isolation 
cuts on analysis; how low in pT is analysis robust? 3. Experimental issues: low cross section; 
(0 background suppression; need to develop isolation cuts in association with theorists; ( recon- 
struction efficiency. 4. Figures: ( ID from PHENIX; projected ALL uncertainties for 200 pb-1 
delivered, 70 

E. Photon-jet and photon-leading hadron coincidences 

1. Advantages: comparable statistical sensitivity to inclusive photon; event-by-event con- 
straints on colliding parton kinematics permit systematic study of sensitivity to cuts, variation 
of asymmetries with x of collision partner, etc. 2. Disadvantages: jet reconstruction may im- 
pose more stringent low-end limit than photon detection on pT extent of useful measurements. 
3. Projected timeline and achievable uncertainties and x-range compared to DIS, COMPASS, 
SMC, HEMES. 4. Figure: STAR simulations of ALL, x(g(x) LO extraction, scaled for 200 
pb-1 delivered at 200 GeV, for estimated ( reconstruction efficiency and for pT i 5 GeV/c. 
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E Heavy flavor production 

1. Features: independent channel to cross-check results; emphasizes g-g fusion, quadratic 
sensitivity to (g; small x accessible via forward lepton detection. 2. Interpretation issues: how 
well understood are charm production cross sections? How cleanly can different contributions 
be separated in inclusive lepton channels? 3. Experimental issues: can displaced vertex cut 
with improved inner tracking improve heavy flavor ID significantly without too much sacrifice in 
yield? 4. Figure: PHENK projection of open charm ALL. 

G. Importance of measurements at 2 energies 

1. Approaches to extending to lower x: raising energy; increasing forward coverage (subject 
to pT limit for interpretability); need to get beyond maximum in x(g(x) to constrain integral (g. 
2. Need for 200 GeV gives overlap with COMPASS, etc. sensitivity; constrains x(g(x) where 
uncertainties from DIS analysis are largest. 3. Need for 500 GeV permits sensitivity down to 
xg 0.01; permits test of evolution and robustness of analysis, by comparison of results at similar 
x, different pT. 4. Figure: Projection of STAR (g(x)/g(x) uncertainties achievable with 200 pb-1 
(delivered) at 200 GeV and 500 pb-1 (delivered) at 500 GeV, compared to models consistent with 
DIS database, COMPASS achieved & projected, etc. 

2.6 Transverse spin structure 

0 why it is different from longitudinal (Jianwei) 

0 history, previous AN measurements (Les,Matthias,Akio) 
- Description of E704[7] and why it was a surprise[8] 
- Theory developments since then: Sivers[l3], Collins[ 141 and Boer[l5] with k~ factorization. 
Also describe collinear twist-3 approach[ 16, 171 
- Predictions for fi = 200 GeV[ 18, 19, 16, 171 and more recent developments[20] 
- More recent pp experiments[9] and SDIS experiments[ 10, 1 11 
- RHIC results[l2], A N  at large XF stays at an order larger fi 
- Need cross section at fi = 200 GeV arguments? Note that there is separate section for it 
- Fig14 shows A N  from 3 RHIC experiments 

0 mapping A N  in XF and p~ plane (Les,Matthias,Akio) 
- Mapping A N  in XF and pT plane 
- pQCD prediction of l / p T  dependence and importance of measurement, need for more data 
- Interests in very large x~[21]  and soffer bounds[22] 
- Negative XF and sensitivity to gluon Siver’s functions[20][ 121 
- Global fits with pp data and SDIS(?) 
- L and P requirements 
- Fig15 shows projection for A N  as function of pT for STAR 

0 Away side di-jethadron for Sivers (Les,Matthias,Akio) 
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Figure 14: Single Spin asymmetry AN for 7ro production at STAR (Left), n-- production at 
BRAHMS (Middle) as function of XF at forward rapidity. AN for 7r* production from PHENIX 
(Right) as function of p~ at mid-rapidity. 
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Figure 15: Statistical error projection for AN as function of pr for 7ro production at STAR. A 
theory prediction for Collins effect (need citation!) for XF = 0.5 is also shown. 
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Figure 16: Predictions for the spin asymmetry AN. for back-to-back dijet production at sqrts = 
200 GeV, for various different models for the gluon Sivers function. The solid line marked as 
"(iii)+Sud" shows the impact of leading logarithmic Sudakov effects on the asymmetry for model 
(iii) [23]. 

- Need to go beyond inclusive measurement to disentangle different effects (except AN for "in- 
clusive" jet at forward) 
- Di-jet measurement for gluon sivers measurement for non-power supresseddirect k~ sensitivity[23] 
- Di-hadron measurements at forward + to access large x quark sivers? 
- Connection to parton motionlorbital angular momentum/GPD, "modified" universality, etc? 
(maybe in theory section?) 
- L and P requirements 
- Fig16 shows theory prediction for di-jet AN (no exp error estimate yet) 

0 Near side di-hadron for Collins (Les,Matthias,Akio) 
- Transversity, last unmeasured leading twist quark PDF, no gluon transversity, Lattice results(maybe 
in theory section?) 
- Collins and Interference FT[ 141, and describe models[24] 
- How to measure - azimuthal correlation between hadrons within ajet 
- Getting FF from e+e- to turn into Transversity measurement[25] [26] 
- Measuring over large pT and rapidity range to see X B J  dependence of transversity 
- L and P requirements 
- Fig(yet coming): transversity measurement at PHENIX with 30/pb and P a . 5  by Matthias 

0 Am(jet, photon, DY) and beyond (Les,Matthias,Akio) 
- This measures Sq x Sqbar [27], no need for FF, but small 
- DY need more luminosity[28] 
- Transversity from J/psi[29] 
- Sivers from D mesons[30] 
- L and P requirements 
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Figure 17: Maximally possible A m  for single-inclusive jet production at sqrts = 200 and 500 
GeV as a function of pT. Jet rapidities are integrated over -1 < q < 2. The shaded bands 
represent thetheoretical uncertainty in A m  estimated by varing scale by factor 2. Also indicated 
as error bars is the expected statistical accuracy with design luminosity of the RHIC [27]. 

- Fig17 shows maximum A$ and projection for STAR acceptance 

0 assess what requirements would be for key measurements here, and how they would com- 
pare to longitudinal running(Les,Matthias,Akio) 
- 3/pb, pd.5 : Inclusve 
- lO/pb, p=0.5 : Sivers from di-jetkadron 
- 30/pb, Pa .5  : Transversity measurement from di-hadron correlations within a jet 
- 100/pb, P=0.7 : ATT of jetkadron 

- 113 to 1/4 of beam time, and we’ll have intermediat physics as LP develops. 
- STAR and PHENIX are independent for choice of long and trans 
- Most of measurements prefers fi = 200 GeV 

- lOOO/pb, P=1.2 : DY 

2.7 “What else is going on in the world” 

0 briefly discuss current efforts in DIS and their expected results & timelines (Ernst, Akio) 
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2.8 Soft interactions of polarized high energy protons (L. Trueman) 

0 Historically, when high energy hadronic beams first became available, near-forward elastic 
scattering was at the center of attention, largely because the optical theorem encodes the sum of 

- cross sections into the forward amplitude. With the advent of QCD attention turned to high en- 
ergy primarily as a source of rare events with large momentum transfer: short-distance processes. 
Short-distance processes are only part of the picture, however, even for high-energy hadronic 
collisions. A large and growing community of theorists and experimentalists is making strides 
toward understanding what makes up the bulk of the high-energy cross section in proton-proton 
collisions: low-momentum transfer elastic and diffractive scattering. The theory of near-forward 
elastic scattering at very high energy predates QCD, of course, and not long before the gauge the- 
ory revolution, Regge theory provided the predominant approach to this kinematic domain. It was 
displaced by QCD in the foreground of theoretical interest, in part because there are few results in 
Regge theory that can be derived from first principles in quantum field theory. On the other hand, 
Regge theory remains a valuable tool to organize an important kinematic region where it is most 
difficult to get answers from first-principles QCD: long distances and low momentum transfers. 
0 Conceptually, the simplest measurement is the total cross section otot, which is given by the 
imaginary part of the forward spin-independent amplitude. Closely related is p(s), the ratio of 
the real-to-imaginary parts of the amplitude at t = 0. The value of the slope of the forward ampli- 
tude B is also very useful to know. All of these quantities have spin dependent variants for both 
transverse and longitudinally polarized protons. A little information is known about this spin 
dependence, but not much, and the information would be very useful in determining the Regge 
dynamics. 
0 For the differential cross section we can roughly divide the near-forward elastic scattering 
into four fairly well-defined regions, toward increasing 4: the Coulomb interference region, the 
diffractive (or pomeron exchange) region, the ”dip” region, and the beginning of the perturbative 
region. The physics of each of these regions is different and the spin-dependence can be used as 
a tool for analyzing these different dynamics. 
0 In the very forward region, the nuclear and electromagnetic amplitudes are of comparable mag- 
nitude, resulting in a small but significant maximum in the single transverse spin asymmetry AN 
making it a useful quantity for polarimetry. First measurements of A N  have been made RHIC 
with colliding polarized beams and also with a polarized proton gas jet target, with some very 
precise and interesting results already reported. Successful applications to polarimetry have been 
made at the same time. 
0 At somewhat larger -t, the spin dependent asymmetries are sensitive probes of the various 
Regge exchanges which contribute the hadronic amplitudes. Of special interest is the C-odd, 
three-gluon exchange giving rise to the putative “odderon” which contributes to the observed 
difference between pp and p p  scattering in the dip region. It has a very distinctive interference 
pattern with the pomeron at small -t , observable in both A N  and the double transverse spin 
asymmetry ANN.  More generally, the spin-dependence of most Reggeons is not known at all, 
except in the CNI region where first information on this is emerging from the early RHIC polar- 
ized proton runs. This knowlege is crucial to understanding the fundamental nature of the various 
Reggeons, in particular the pomeron. 
0 Passing through the dip region toward the perturbative QCD region, a steep exponential fall 
with momentum transfer, characteristic of pomeron exchange matches on to an approximate tU8 
dependence at larger --t in the unpolarized cross sections. The latter has a natural interpretation 
in terms of three vector exchanges between pairs of valence quarks. Whether these individual 
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scatterings should be thought of as single gluons, or as (at least in part) perturbative exchanges in 
color-singlet configurations remains to be seen. This profile is fairly stable with energy, even as 
the details of its shape change. The observation of a stable profile in polarized elastic scattering 
at RHIC would surely initiate a new class of theoretical investigations. 
0 The dramatic spin dependence of proton-proton elastic scattering at moderate --t observed in 
the Argonne and BNL experiments of twenty years ago remains an outstanding puzzle. Sensitive 
measurements of the same quantities as a function of energy at RHIC could be the key missing 
piece. 
0 Beyond the quantities AN and ANN there are several other double spin asymmetries which 
could be measured with the use of spin rotators: ALL, Ass and ASL. These are likely to be small 
and difficult to measure, but their values would put strong model-independent constraints on the 
pp  amplitudes. They could, in principle, be used to provide a self-calibrating polarimeter. 
0 A complete understanding of the Regge theory of p p  scattering requires the knowledge of the 
isospin of the various Regge contributions. This can be obtained by using beams or fixed targets 
of nucleii to scatter on the polarized proton beam. Significant success has already been made 
using a carbon filaments target and this will be pursued in the future. Deuterons and He3 nuclei, 
either polarized or unpolarized, should also be considered as ways to get at the pn scattering spin 
dependence. 
0 Inelastic diffractive scattering is closely related soft physics that goes beyond elastic scattering. 
This includes exclusive small angle resonance production and various rapidity gap measurements. 
These have been carried out for unpolarized protons and are interpreted in terms of the scattering 
of the pomeron on the proton or the pomeron on another pomeron ("double pomeron exchange") 
depending on the configuration. This last has been argued to provide a special source of exotic 
mesons and, in particular, glueballs. The systematic extension to the spin dependence is certain 
to help our understanding of these processes; for example, how does the 4 dependence of the 
rapidity gaps depend on the spin state of the proton? Much theoretical work remains to be done 
in this area in order to optimize the kinematics and understand the signatures. 

2.9 Future planslideas at RHIC 

2.9.1 Physics beyond the Standard Model (M.J.Tannenbaum) 

At RHIC, the standard model parity violating effects are large. In inclusive single jet production, 
the leading strong interaction process, the two-spin parity violating asymmetry, ACE, due to the 
interference of gluon and W exchange is - 1% at fi = 500 GeV (see Fig. 18 SM). Of course, 
a more spectacular effect at RHIC concerns the direct production of the Weak Bosons, W* and 
Zo, visible through their di-jet or di-lepton decay. The peak from W -+ Jets is evident in Fig. 18. 
Flavor-identified structure function measurements using W* production are discussed elsewhere 

Figure 18: Prediction E341 for ACE in inclusive jet production at RHIC. Solid curve is standard 
model (SM), with error bars corresponding to sensitivity with L = 0.80 fb-I integrated luminos- 
ity. Dot-dash curves are contact model of quark compositeness with A, = 1.6 TeV. 

in this document. Here we concentrate on the physics beyond the standard model that is opened 
up by searches for parity violating effects at RHIC. A typical example of such a possibility is 
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quark compositeness or substructure [31]. Composite models of quarks aqd leptons [32] gen- 
erally violate parity, since the scale of compositeness A, >> Mw. Without the Parity Violating 
Asymmetry (PVA) handle, detectors at the Tevatron are limited to searching for substructure by 
deviations of jet production from QCD predictions at large values of p ~ .  It is difficult to prove 
that a small deviation is really due to something new. However a few % parity-violation effect 
would be a clear indication of new physics. The experimental limit is presently [33] A, E 1.6 
TeV. The estimate of sensitivity to compositeness at RHIC [34] with this value of A, is shown 
on Fig. 18. The error bars shown on the standard model correspond to L = 0.80 fb-l integrated 
luminosity. Structure function uncertainties can be calibrated out using the PVA in W -+ Jet (in- 
clusive) which is clearly visible on the plot. The limits of sensitivity for A, in the contact model 
of quark compositeness [35] are tabulated in Table 2 for the standard L N 1 fb-' integrated lu- 
minosity of the original RHIC-spin run plan. The limits increase siginificantly with factors of 10 

, /%GeV 
500 
500 
500 
650 
650 
650 

L(fb-I) A,(TeV) 
1 3.3 
10 5.5 
100 7.5 
1 3.8 
10 6.3 
100 8.8 

Table 2: Limits on A(€ = -1) at 95% CL, P S . 7 ,  Aq = 1, 10% systematic error in Asymme- 
try W1. 

and 100 increase in luminosity (but for this reaction, are not much improved with increasing c.m. 
energy). For comparison, at the Tevatron, sensitivity is A, N 4 TeV for L =2 fb-' (Run II) and 
5 TeV for 30 fb-l (Run 111) and A, N 20-30 TeV at the LHC for L = 10 - 100 fb-'. Of course, 
even if an anomaly were found at either the Tevatron or the LHC, only RHIC will be able to 
provide polarization information on the anomaly to determine what its chiral properties are and 
whether it is a new interaction, a supersymmetric particle, or anything with a non-standard-model 
spin signature. 

2.9.2 Physics beyond the Standard Model (V. L. Rykov and'K. Sudoh) 

RHIC-Spin potential for uncovering new physics beyond the Standard Model (SM) has been 
explored in a number of last decade publications. Our purpose in this section is to illustrate this 
new potentiality by means of a few specific examples. 

The non-SM modifications of parity-violating helicity asymmetry AL = (a+--o-) /(af+a-) 
for one-jet production in collisions of the longitudinally polarized protons at unpolarized has been 
studied in Refs. [36, 371. In the AL definition above, o+ and 0- are for the cross sections* with 
the positive and negative helicities of the initial protons, respectively. In the SM, inclusive jet 
production is dominated by the pure QCD gg, gq, and qq 
However the existence of electroweak interactions through 

scattering which conserve a parity. 
the W* and 2 gauge bosons gives 

*Or differential cross sections. 
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a small contribution to AL. Consequently, the AL is expected to be nonzero from the QCD- 
electroweak interference (as shown in Fig. 19). Additionally, a small peak near ET = Mw,z/2 is 
seen, which is the main signature of the purely electroweak contribution. The existence of new 
parity-violating interactions could lead to large modifications of this SM prediction [39]. 

0.08 

0.04 

-AL 

0 

-0.04 

A=2.0 T e p \  
&?p+l 
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Mz'= Mz 
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SM 

Mz'= 300 GeVlCZ 
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Figure 19: AL, for one-jet inclusive production in 6 collisions versus transverse energy, for 
fi = 500 GeV. The solid curve with error bars represents the SM expectations. The error bars 
show the sensitivity at W I C  for 800 pb-l, for the STAR detector. The other solid curves, labeled 
by the product of E q ,  correspond to the contact interaction at A = 2 TeV [36]. The dashed and 
dotted curves correspond to different leptophobic 2' models. The calculations are at the leading 
order. 

The modifications due to the presense of quark substructure have been analyzed in Ref. [36] 
in the framework of an effective Lagrangian approach. Such effects are generally realized as 
quantum effects of new physics where new heavy particles are considered to be decoupled. The 
non-SM Lagrangian could be represented in terms of new quark-quark contact interactionst under 
the form: 

(7) 

where Q is a quark doublet, g is a non-standard coupling, A is a compositeness scale, and E = 311. 
If parity is maximally violated, q = fl. Fig. 19 shows how the SM prediction will be afYected 
by such a new interaction, assuming A = 2 TeV, which is close to the present limit obtained for 
example by the DO experiment at the Tevatron [40]. The statistical errors shown are for RHIC 
luminosity of 800 pb-l, and for the jets with rapidity IyI < 0.5, and include measuring AL using 

2 9 -  c,,,, = E g + Y P ( I  - rlY5)Q - @YP(l - 77Y5)Q 3 

+It is assumed here that only quarks are composite. 
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each beam, summing over the spin states of the other beam. Due to the parity-violating signal's 
sensitivity to new physics, RHIC is surprisingly sensitive to quark substructure at the ~ 2 - T e v  
scale and is competitive with the Tevatron, despite the different energy range of these machines. 
Indeed, a parity-violating signal beyond the SM at RHIC would definitely indicate the presence 
of new physics [39]. 

RHIC-Spin would also be sensitive to possible new neutral gauge bosons [37,38]. A class of 
models, called leptophobic Z', is poorly constrained up to now. Such models appear naturally in 
several string-derived models [41] (non-supersymmetric models may be also constructed [42]). 
In addition, in the framework of supersymmetric models with an additional Abelian V (  1)' gauge, 
it has been shown [43] that the 2' boson could appear with a relatively low mass ( M i  5 5 
1 TeV) and a mixing angle with the standard Z close to zero. The effects of different represen- 
tative models are also shown in Fig. 19 (see Ref. [37] for details). RHIC covers some regions 
of parameters space of the different models that are unconstrained by present and forthcoming 
experiments, and RHIC would also uniquely obtain information on the chiral structure of the 
new interaction. In Ref. [38], it has been suggested to extend this study to the collisions of po- 
larized neutrons, which could be performed with colliding at RHIC polarized 3He nuclei [MI. 
The authors argue that, in case of a discovery, a compilation of the information coming from both 
polarized jfj? and 66 collisions should constrain the number of Higgs doublets and the presence 
or absence of trilinear fermion mass terms in the underlying model of new physics. 
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Figure 20: The leading order Ah predictions for sparticle production at RHIC (see Ref. [45] for 
details). Using the full-scale high-energy physics detector of N 4n acceptance, similar to, for 
example, the one proposed in Ref. [47], with the capability of measuring multi-jet events and 
missing transverse energy is assumed. 

The study of the production cross sections for squarks and gluinos in collisions of longi- 
tudinally polarized hadrons has been undertaken in Ref. [45]. The resulting asymmetries are 
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evaluated for the polarized proton collider RHK, as well as for hypothetical polarized options 
of the Tevatron and the LHC. These asymmetries turned out to be sizable over a wide range 
of supersymmetric particle masses. Once supersymmetric particles are discovered in unpolar- 
ized collisions, a measurement of the spin asymmetries would thus potentially help to establish 
the properties of the newly discovered particles and open a window to detailed sparticle spec- 
troscopy at future polarized colliders. Although non-observation of squark and gluino signatures 
at the Tevatron thus turns into the stringent limits on the squark and gluino masses in a frame of 
MSSMt [46]: m,- > 250 GeV, ma > 195 GeV, these limits are substantially weakened if more 
complicated supersymmetric models are considered. RHIC energy up to fi = 500 GeV is not 
sufficient toeproduce the MSSM sparticles; however they could be within its reach if supersym- 
metry is realized in a more exotic scenario. Some results of “scanning” the space of squark and 
gluino mass parameters at RHIC are shown in Fig. 20. One can observe that, in the low mass 
region, the asymmetry AL measurements at RHIC for q? and ijij production could be sensitive to 
gluino mass, although in ij$ process, the gluino appears only as an exchange particle. The authors 
of Ref. [45] conclude that, assuming the design luminosities and beam polarization of 70%, the 
asymmetries are statistically measurable for sparticle masses up to 75 GeV at RHIC, 350 GeV at 
the Tevatron and well above 1 TeV at LHC, provided experimental uncertainties on them can be 
kept under control. 

The similar study for slepton production in polarized hadron collisions has been recently 
presented in Ref. [48]. However, this channel might not be accessible at RHIC, because, even in 
the most optimistic scenarios, the cross section is not expected to exceed 1 fb. 

In the examples above, it is assumed that the polarized parton distribution functions (pol- 
PDFs) of initial longitudinally polarized hadrons would be known at a sufficient accuracy for 
being able to detect AL deviations from the SM predictions!. Another venue (The best place? - 
J. Soffer et al. [51]) to look for a new physics beyond the SM, which does not rely this much on 
the precise pol-PDF knowledge, is in the observables that either vanish or are very suppressed 
in the SM. The good representatives of such observables are transverse spin asymmetries - sin- 
gle or double - for W* and Zo productions, since these are expected to be extremely small in 
the SM [49, 50, 511. Non-vanishing contributions could arise here for example in the form of 
higher-twist terms, which would be suppressed as powers of M2/M&,z, where M is a hadronic 
mass scale and MW,Z is the Wf or Zo mass. Other possible contributions were demonstrated in 
Ref. [SO] to be negligible as well. New physics effects, on the contrary, might generate asymme- 
tries at leading twist. 

In Ref. [Sl], the authors have argued that the existence of R-parity violating MSSM inter- 
action would generate the single-spin azimuthal dependences7 of the charged lepton production 
via W* in collision of transversely polarized protons at unpolarized: pTp + W*X + e’vX 
or p*vX or r*uX. The results of [51] show that, in this particular extension of the SM, the 
asymmetries are likely to be small and, at best, could be just marginally detectable at RHIC. 
Nevertheless, this does not exclude that other non-standard mechanisms produce larger effects. 

One more mechanism of generating non-zero AN and AT asymmetries in leptoproduction 
$Minimal Supersymmetric Standard Model. 
§Presumably, the pol-PDFs will be well measured as a part of the mainstream RHIC-Spin program discussed in 

TThese are AN and AT asymmetries; see Refs. [5l, 531 for details. 
the previous sections, as well as at the other facilities. 
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via Wf and Zo decays is due to anomalous electroweak dipole moments of quarks [51,52,53]. 
Phenomenologically, the presence of anomalous dipole moments could be described as a com- 
bination of tensor and (pseudo)scalar q@V and q@ couplings additional to the standard V and 
A couplings. The nonzero AN and AT arise from the interference of these additional couplings 
with the SM's V and A couplings. The SM predictions for anomalous dipole moments of u and 
d quarks, which provide the main contribution to the W* and Zo production at RHIC, a r e  ex- 
tremely small, and their effects are much below the RHIC sensitivity. On the other hand, the 
current experimental limits on anomalous dipole moments of quarks11 are still far above t h e  SM 
expectations. The most stringent experimental constraints, applicable to CP-conserving com- 
ponents of quark dipole moments, come from the analysis [54] of electroweak data from high 
energy colliders. In this analysis, it has been considered that theories beyond the SM, emerging 
at some characteristic energy scale above W/Z mass, have effect at low energies E 5 Mw,z, 
and can be introduced by taking account of an effective Lagrangian that extends the S M  La- 
grangian CSM: Left  = CslM + SL. To preserve the consistency of the low energy theory, it has 
been assumed that the non-SM Lagrangian 6L is SU(3)c x s U ( 2 ) ~  x U(l), gauge invariant. 
The W* and Zo productions in pTp collisions at RHIC is expected to have a good sensitivity on 
Lsm4C interference at the parton level due to strong correlations between the proton spin and 
polarization of high-x valence quarks, that participated in gauge boson production [55]. A s  it has 
been estimated in Ref. [53], the measurements at RHIC, carried out with transversely polarized 
proton in the context of the physics discussed in the previous sections, would improve the current 
experimental limits [54] on electroweak dipole moments of u and d quarks by a factor of -5-10. 
But a non-zero result would be a direct indication of a new physics beyond the SM. 

0 W + c Fuji ?) 
0 other opportunities possibly offered by high-luminosity running (andor a new detector) 
0 opportunities with polarized beams in p+heavy-ion physics (Les) 

2.10 Connection to eRHIC (Abhay) 

Addition of a high energy high polarization lepton (electrodpositron) beam facility to the existing 
RHIC Complex to be able to collide with its hadron beam would dramatically increase RHIC's 
capability to do precision QCD physics. Such a facility with 10 GeVk polarized electrodpositron 
has been proposed and is called eRHIC. There are many direct and indirect connections between 
the RHIC spin program and the eRHIC. We categorize them in to two groups: 

0 Direct connections to RHZCSpin: In these the physics observables measured by the existing 
RHIC spin physics program will be measured in complementary kinematic regions. or in 
some cases augmented to complete the understanding of the nucleon spin. 

0 Indirect Connection to RHZC Spin: These include measurements not possible with RHIC 
Spin, but are of significance to understanding QCD with spin in general or nucleon spin in 
particular. 

11 And of .r-lepton. 
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2.10.1 Direct Connections 

Directions connections between RHIC Spin and eRHIC are made on three principle topics. The 
measurement of polarized gluon distribution, the measurement of quark-anti-quark distributions, 
and on transverse physics measurements. 

For polarized gluon distribution measurement eRHIC enables increase in the kinematic range 
and precision, particularly in the low x. At eRHIC the polarized gluon distribution will be mea- 
sured using a) the scaling violations of spin structure function d'" and b) di-jet and high pT 
di-hadron production in the photon gluon fusion process.[?] RHIC spin measurements discussed 
before will predominantly most significant in in the medium-high z rangex > while e W 1 C  
will complement them with precision on low x (z < lop2) all the way to z - . 

RHIC Spin will for the first measure model independently the polarized quark and anti-quark 
distributions using single longitudinal asymmetry measurements in pp scattering via (W'= 1 pro- 
duction. Analysis of these asymmetries would give us Au, AZ, Ad, AZ??. The quark-anti-quark 
separation in such a way is not possible in fixed target DIS where the virtial y is the propogator 
of the force which can not differentiate between quarks and anti-quarks. However at high enough 
energy-DIS at eRHIC, in addition virtual W* also get exchanged. If Aq = u, E, d, are known 
by early next decade from RHIC Spin, eRHIC will be able to continue this program in to explore 
the heavy quarks i.e. identify the spin contributions from Ac/E and As/3. Of course, traditional 
methods to get quark flavor distributions, semi-inclusive DIS measurements using measurements 
of charged and neutral pions and kaons will also continue, (quark-anti-quark unseparated) would 
give access to low x flavor separation in parton distributions as in presently fixed target DIS 
experiments. 

Transversity is the last as yet unmeasured spin structure function discussed in detail in ??. The 
measurements at RHIC with pp scattering will be made using measurements of Collins Fragmen- 
tation Function (CFF), Interference Fragmentation Functions (IFF) and if very large luminosities 
are achieved, also with Drell Yan (DY) processes.[?] These measurements will be made in the 
center of mass energy range from 200 to 500 GeV. The eRHIC will make a complimentary set of 
measurements, with high precision using CFF and IFF measurements, not unlike those made by 
the HEMES collaboration presently. 

Diffractive physics with polarized pp and ep: More connections? 

2.10.2 Indirect Spin Connections 

In addition to the measurements eRHIC will do that will extend or complement the investigation 
of nucleon spin with RHIC Spin, there is another class of nucleon spin and other helicity related 
measurements that could also be made with eRHIC. A partial list includes: 

Measurement of spin structure functions g1 of the proton and neutron and the dzerence 
between then that tests the Bjorken spin sum rule. eRHIC will do this with accuracies that 
will for the first time start competing and challenging the experimental systematic uncer- 
tainties at the level of 1- 2%. Low x phenomenon has been one of the most exciting aspect 
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of the physics that developed in the unpolarized DIS measurements in the last decade, and 
eRHIC will probe that low x kinematics for the first time with polarized beams 

0 eRHIC will be the only possible facility in the foreseeable future at which QCD spin struc- 
ture of the virtual photon could be explored. The process employed for this investigation is 
that of photon gluon fusion[?]. , 

0 Deeply virtual compton scattering (DVCS) for final state photons as well as other vector 
mesons measured using al most complete acceptance (47r) detectors has been suggested as 
a preliminary requirement toward the measurement of the Generalized Parton Distributions 
(GPDs). A series of different GPD measurements may be required eventually to extract the 
orbital angular momentum of the partons. This is the last part of the nucleon spin puzzle 
which we may have to address after the spin of the gluon is understood. Although the theo- 
retical formulation is not yet ready, it is expected that by the time the eRHIC comes on line, 
there will be a formalism available to take the measured GPDs and determine the orbital 
angular momentum of partons. These measurements at eRHIC will be complementary, at 
much higher energy scales, to those being planned at Jefferson Laboratory with its 12 GeV 
upgrade plan. 

0 Drell Hern Gerasimov spin rule measurements presently underway at Jefferson laboratory[?] 
and at MAMI [?I are mostly at low value of v[?]. While the significance of the contribution 
the spin sum rule from high u is small, absolutely no measurements exist beyond the value 
of v >m 1 GeV. eWIC will extend direct measurements of the high u components to up 
to 500 GeV. 

0 Precesions measurements of spin structure functions in very high x N 0.9 region could be 
part of the eRHIC physics program with specially designed detectors as has been discussed 
in [?I. 

In summary, while the physics programs with polarized proton beams at RHIC and eRHIC 
have much in the way of complementarity of physics measurements, the way to success at eRHIC 
passes through a successful RHIC spin program not only at 200 GeV in center of mass but also 
at 500 GeV in center of mass. 

3 Accelerator performance (Mei & Wolfram) 

Polarized proton beams were accelerated, stored and collided in RHIC at a proton energy of 
100 GeV. The average store luminosity reached 4 x 1030cm-2s-1, and the average store polariza- 
tion 40% (see Tab. 3). Over the next 4 years we aim to reach the Enhanced Luminosity goal for, 
polarized protons, consisting of an average store luminosity of 

0 

0 150x 1030cm-2s-1 for 250 GeV proton energy, 
6 0 ~ 1 0 ~ ~ c r n - ~ s - ~  for 100 GeV proton energy, and 

both with an average store polarization of 70%. Tab. 3 gives a projection of the luminosity 
and polarization evolution through FY2008. Luminosity numbers are given for 100 GeV proton 
energy and one interaction point, with collisions at two interaction points. For operation with 
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more than two experiments, the luminosity per interaction point is reduced due to an increased 
beam-beam interaction. For each year the maximum achievable luminosity and polarization is 
projected. Projections over several years are not very reliable and should only be seen as guidance 
for the average annual machine improvements needed to reach the goal. We do not give a mini- 
mum projection as we usually do in Ref. [56], since the minimum projection is based on proven 
performance, and no long polarized proton run was done so far. We also assume that 10 weeks of 
physics running are scheduled every year to allow for commissioning of the improvements and 
development of the machine performance. 

Table 3: Maximum projected RHIC polarized proton luminosities through FY2008. Luminosity 
numbers are given for 100 GeV proton energy and one interaction point, with collisions at two 
interaction points. 10 weeks of physics operation per year are assumed. 

Fiscal year 2002A 2003A 2004A 2005E 2006E 2007E 2008E 
No of bunches ... 55 55 56 79 79 100 112 
Protondbunch, initial lo l l  0.7 0.7 0.7 1 .0 1.4 2.0 2.0 
P* m 3 1 1 1 1 1 1 
Peak luminosity ~ ~ ~ O c m - ~ s - ~  2 6 6 16 31 80 89 
Average luminosity 1030cm-2s-1 1.5 3 4 9 21 53 60 
Time in store 96 30 41 41 50 53 56 60 
Max luminosity/week pb-l 0.2 0.6 0.9 2.8 6.6 18.0 21.6 
Max integrated luminosity pb-I '0.5 1.6 3 20 ' 46 126 15 1 
Average store polarization % 15 30 40 45 65 70 70 
Max LP4/week nb-I 0.1 5 23 120 1180 4330 5190 

In Fig. 21 the integrated luminosity delivered to one experiment is shown through FY2012 for 
two scenarios: 10 weeks of physics operation per year, and 10 weeks of physics operation every 
other year. The integrated luminosities differ by about a factor of 3. For every projected year 
shown in Fig. 21 the weekly luminosity starts at 25% of the final value, and increases linearly 
in time to the final value in 8 weeks. During the remaining weeks the weekly luminosity is 
assumed to be constant at the values listed in the table. For the scenario with 10 weeks of physics 
operation every other year? the final values are not increased in years without proton operation, 
since no time is available to develop the machine performance. Thus in our projections we reach 
the Enhanced Luminosity goal in FY2008 with 10 week physics operation per year, but need until 
FY2011 with 10 weeks of physics operation every other year. 

For operation at 250 GeV proton energy, the luminosity projections need to be multiplied by 
2.5. We expect no significant reduction in the averages store polarization after full commissioning 
of polarized proton ramps to 250 GeV. 

3.1 Polarization limitations 

The RHIC beam polarization at 100 GeV is currently limited by the AGS beam polarization 
transmission efficiency of about 70%, and the source polarization. With the installation of a new 
solenoid in FY2005, the source polarization is expected to increase from 80% to 85%. The exist- 
ing AGS polarized proton setup includes a 5% warm helical snake for overcoming imperfection 
spin depolarizing resonances and an RF dipole for overcoming 4 strong intrinsic spin resonances. 
This setup has two drawbacks: 
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3.2 Luminosity limitations 

A number of effects limit the achievable luminosity. Currently the bunch intensity is limited to 
about 1 x 10l1 to maintain maximum polarization in the AGS. This restriction should be removed 
with the AGS cold snake. With intense bunches the beam-beam interaction will limit the lumi- 
nosity lifetime. With bunches of 2 x 10l1 protons and 2 interaction points, the total beam-beam 
induced tune spread will reach 0.015. Operation with more than two collision will significantly 
reduce the luminosity lifetime. High intensity beams also lead to a vacuum breakdown, caused 
by electron clouds. In the warm sections, NEG coated beam pipes are installed, that have a lower 
secondary electron yield, and provide linear pumping. In the cold regions, additional pumps are 
installed to improve the vacuum to an average value of lov5 Torr before the cool-down starts. 
With the PHENIX and STAR detector upgrades, the vacuum system in the experimental regions 
will also be improved. 

Time in store can be gained through faster machine set-up, a reduction in system failures, and 
the injection of multiple bunches in each AGS cycle. We project that the time in store can be 
increased to about 100 hours per week, or 60% of calendar time. 

3.3 Polarimetry 

Beam polarization measurements in RHIC provide immediate information for performance mon- 
itoring, and absolute polarization to normalize the experimental asymmetry results. Two types of 
polarimeters are used. Both are based on small angle elastic scattering, where the sensitivity to 
the proton beam polarization comes from the interference between the electromagnetic spin-flip 
amplitude that generates the proton anomalous magnetic moment and the hadronic spin non-flip 
amplitude, and possibly a hadronic spin-flip term. 

One type of polarimeter uses a micro-ribbon carbon target, and provides fast relative polar- 
ization measurements. The other type uses a polarized atomic hydrogen gas target, and provides 
slow absolute polarization measurements. In addition, both PHENIX and STAR have developed 
local polarimeters that measure the residual transverse polarization at their interaction points. 
These polarimeters are used to tune and monitor the spin rotators that provide longitudinal polar- 
ization for the experiments. They polarimeters are discussed in the Experiments section. 

The fast proton-carbon polarimeter was first developed at the IUCF and the AGS [57]. It 
measures the polarization in RHIC to A P  = f0.02 in 30 seconds. Measurements taken during a 
typical store in 2004 are shown in Fig. 22. A carbon ribbon target is introduced into the beam, and 
the left-right scattering asymmetry of recoil carbon ions is observed with silicon detectors inside 
the vacuum. The silicon detectors observe the energy and time of flight of the recoil particles 
near 90" [SS] .  The detector selects carbon ions with a momentum transfer in the coulomb-nuclear 
interference (CNI) region, -t = 0.005 - 0.02 (GeV/c)2. In this region, the interference of the 
electromagnetic spin flip amplitude and the hadronic non-flip amplitude produces a calculable 
t-dependent asymmetry of 0.03 to 0.02. The cross section is large, so that the sensitivity to 
polarization is large. A term from a hadronic spin flip amplitude is also possible and is reported 
in Ref. [57]. This contribution is not calculable, so that this polarimeter must be calibrated using 
a beam of a known polarization. 
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Figure 22: Measured polarization during one store of RHIC in 2004. 

A polarized atomic hydrogen gas jet target was used for the first time in RHIC in 2004 [59]. 
The atoms are polarized with the Stern-Gehrlach process to give electronic polarization, with rf 
transition to select proton polarization. The atoms are focused in the RHIC beam region to 6 mm 
EWHM using the atomic hydrogen magnetic moment. A Breit-Rabi polarimeter after the RHIC 
beam measures the polarization by cycling through rf transition states. The polarization was 
determined to be 0.92f0.02, including correction for the measured 2% molecular fraction (4% 
nuclear fraction) that is unpolarized. Silicon detectors observe a left-right asymmetry for proton- 
proton elastic scattering in the CNI region, similar to the p-carbon polarimeters. By measuring 
the asymmetry with respect to the target polarization sign, flipped every 8 minutes in 2004 by 
changing rf transitions, we measure the analyzing power for proton-proton elastic scattering. This 
is shown in Fig. 23. This (preliminary) result from 2004 provides the most sensitive measurement 
of AN, as can be seen in the figure. By then measuring the left-right asymmetry with respect to 
the beam .polarization sign, flipping each bunch (every 200 ns), we obtain the absolute beam 
polarization. The absolute beam polarization was measured to about A P / P  = 7% in 2004 
(preliminary). 

A remaining issue is whether the carbon polarimeter calibration can be used for different 
detectors, from year to year, or whether it will be necessary to recalibrate each year using the 
jet target. We can also choose to use the jet target as the RHIC polarimeter, with the carbon 
polarimeter used for corrections, for example for different polarization of the bunches and for a 
polarization profile of the beams. 

3.4 Long-term perspective 

A number of ideas are pursued for long-term improvements of the machine performance. RHIC 
II aims at increasing the heavy ion luminosity by an order of magnitude through electron cooling. 
For protons, cooling at store is not practical but pre-cooling at injection might be beneficial. A 
further reduction of p*, especially at 250 GeV proton energy appears possible. Some benefits may 
also come from stochastic cooling, currently developed for heavy ions. We expect a luminosity 
improvement of a factor 2-5 for polarized protons for RHIC IT. 

With a new interaction region design, the final focusing quadrupoles can be moved closer 
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Figure 23: AN for proton-proton elastic scattering in the CNI region, measured using the polar- 
ized atomic hydrogen jet target in RHIC [59]. The open circles are data from E704 at Fermi- 
lab [60]. 

to the interaction point, thus allowing to squeeze ,8* further. This, however, makes some space 
unavailable for the detectors. Additional increases in the luminosity may come from a further 
increase in the number of bunches, to close to 360, as is planned for eRHIC, or operation with 
very long bunches. The latter requires a substantial R&D effort, as well as a new timing system 
for the detectors. 

4 Experiments 

4.1 Phenix (Matthias) 

0 present status & issues to solve 
0 priorities 
0 planned upgrades and developments 
0 required resources 

RHIC Spin Report for DOE: Outline of STAR Detector Section 4.2 (each major heading repre- 
sents 1 paragraph) 

A. Overview of STAR detector and collaboration 

1. Figure: cross section of STAR, emphasizing subsystems already added with spin program 
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as primary driver. 2. Brief description of BBC’s and FPD’s and their use for spin program: Figure 
of BBC asymmetries vs. CNI asymmetries, with STAR rotators on and off. 3. Status of barrel 
and endcap EMCs; timeline to complete BEMC readout. 4. Use of EMCs in p+p triggers for jets, 
photons, (0, W, J/(. 5. Recent expansions of collaboration interests in spin program. 

B. Performance of STAp EMC’s 

1. Figure: photo of insertion of last BEMC module; photo of completed EEMC. 2. Figure: 
event display of dijet with TPC and BEMC; jet neutral/total ET spectrum from BEMC + TPC in 
2004 p+p run. 3. Figure: typical SMD profile and (0 invariant mass spectrum from EEMC for 
2004 p+p run. 4. Brief description of ongoing algorithm development for (0 and ( ID. 

C. Motivation for STAR upgrade needs for spin program 

1. Improved forward tracking: TPC resolution limits at 40 GeV/c, especially in endcap re- 
gion; need for W charge sign discrimination, improved e/h discrimination for W program; fast 
tracking minimizes TPC pileup ambiguities. 2. Figure: charge sign discrimination improvements 
with model forward tracking vs. TPC alone. 3. Forward extension of calorimetry: primary moti- 
vation from studying low-x gluons in nuclei; benefits to spin program in low-x and large (( access. 
4. Benefits to spin from planned STAR upgrades driven by other physics: TOF pion ID for in- 
terference fragmentation studies of transversity (?); DAQ upgrades, rate capability, space-saving 
for forward tracker; Heavy Flavor Tracker for improved ID of open charm, beauty, sensitivity to 
quark mass terms in QCD, etc. 

D. Plan for forward tracking improvements 

1. Figure: schematic illustrations of inner silicon barrels and disks, and of endcap GEM 
tracker under consideration. 2. Envisioned timeline (rough), staging and integration with other 
STAR upgrades. 3. Organization of efforts and institutions involved; R&D activities under way. 
4. Rough estimate of resources needed to designlconstruct. 5. Open issues to address: optimum 
tradeoffs between coverage and cost; resolution impact of material at endcap of TPC; others? 

E. Plan for Forward Meson Spectrometer 

1. Figure: transverse profile of proposed calorimeter, and location within STAR. 2. Institu- 
tions involved, cost estimate, source of materials and funding, MRI proposal submitted to NSF. 
3. Timeline driven by d+Au gluon saturation studies. 4. Open issues to address? 

4.3 Other experiments 

0 Brahms (Flemming) 
0 New detector 
0 eRHIC detector 
0 pp2pp (Wlodek) 
0 jet (Sandro) 
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5 Spin plan schedule (Gerry) 

In the charge, we were requested to consider two running schedules: 10 and 5 physics weeks on 
spin per year. These follow, showing example plans. We emphasize that we expect that the actual 
run plan will be developed from the experiment beam use proposals. Our consideration o f  these 
scenarios should not suggest that we advocate a change to this successful approach. 

A key issue is the completion of experiment hardware to run the W physics program. The 
required hardware are the muon trigger improvements for PHENIX, and a forward tracker for 
STAR. The PHENIX improvements are being proposed to NSF ($1.8M for resistive plate cham- 
bers) and to the Japan Society for Physical Sciences ($l.OM for muon tracking readout elec- 
tronics), with a planned completion for the 2008 RHIC run. The STAR tracker is planned to be 
proposed to DOE (estimated $5M) in 2006, and to be complete for the 2010 run. 

The example p l h  below for the 10 physics week/year case is "technically driven". The plan 
assumes that the funding is received, and the work is completed as planned. For the 5 week 
plan, the delay in reaching luminosity goals for &=20 GeV delays the start of the W running 
considerably, by greater than three years. An early completion of the W hardware is less of an 
issue for this case. 

A second key issue is machine performance. We assume that we reach the polarization goal 
of 70% in 2006. For luminosity, we assume in the example plan that we reach two thirds of the 
"maximumyy luminosity (see section 3). This assumption is discussed there. 

A third key issue is experiment availability, in which we include up time, live time, and  the 
fraction of the collision vertex accepted by the experiment. This results in "recorded luminosity" 
for each experiment. We have taken the up time to be 70% for each experiment, as has  been 
achieved. The live time for PHENIX is 90%, due to multi-event buffering; the live time for STAR 
is 50%. The online data selection adjusts thresholds, for example the lower p~ requirement, to 
reach these live time levels. The PHENIX vertex acceptance for the 200 GeV running is 60%, 
requiring the vertex to be within 20 cm of the IP. We have used this acceptance also for 500 GeV. 
The STAR vertex acceptance contains all collisions. The overall factor for recordeddelivered 
luminosity for both experiments is 35%. The physics sensitivities shown in section 2 also include 
apparatus acceptance and event selection acceptance. 

5.1 10 physics weeks 

Table 5 shows the example spin plan for 10 physics weeks per year, with a technically driven 
schedule. The 200 GeV running continues through 2008, with a total of 300 pb-' delivered, 
and 100 pb-' recorded luminosity by both PHENIX and STAR. By the year 2009, the PHENIX 
muon triggering improvements are complete, and the STAR forward tracking is partially in place, 
and complete for the 2010 run. The year 2009 is considered an engineering run, for both the 
accelerator and the experiments. By the completion of the year 2012, for 500 GeV, 800 pb-' 
luminosity is delivered, and 300 pb-I recorded by each experiment. These luminosities and 
polarizations provide the physics sensitivities presented in section 2. 
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Table 4: RHIC spin example schedule, 10 physics weeks per year, technically driven. 
Fiscal year Spin Weeks CME(GeV) P L(pb-l Remarks 
2002 8 200 0.15 First pol. pp collisions! 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

201 1 

201 2 

10 

1 

9 

10 

0 

20 

10 

10 

10 

10 

200 0.27 

200 0.4 

200 0.5 10-20 

200 0.7 

200 0.7 

500 0.7 

500 0.7 

500 0.7 

500 0.7 

Transverse spin 
Spin rotators commissioned, 
first helicity measurements 

New betatron tune developed, 
first jet absolute meas. P 

also 500 GeV studies 
AGS Cold Snake commissioned, 
NEG vacuum coating complete 

A L L  (no, jet> Y 

Direct 7, completes 
goal for 200 GeV running 

PHENIX muon arm trigger 
installed, eng. run ' 

STAR forward tracker 
installed, W physics 

Completes 500 GeV goal 

5.2 5 physics weeks 

Table ?? gives the example spin plan for 5 physics weeks per year, which we have interpreted 
to mean 10 physics weeks each two years to reduce the end effects. As has been presented in 
section 3, the delay in the RHIC spin physics results is actually greater than a factor of two, com- 
pared to 10 physics weeks each year. This is due to an assumed "turn-on" period of reaching the 
instantaneous luminosity maximum that is based on Our experience, from the heavy ion program. 
In any case, the programs are stretched out to over 6 years for the gluon polarization measure- 
ments at 200 GeV, and an additional 6 years or more for the W physics program. The proposed 
measurements would be completed in 2018 or later. 

Table 5.2 RHIC spin example schedule, 5 physics weeks per year. 

6 Summary (Gerry) 

In this document we have described the RHIC spin research plan, responding to the request by 
the Department of Energy Office of Nuclear Physics. We were requested to cover 1) the science, 
2) the requirements for the accelerator, 3) the resources that are needed and timelines, and 4) the 
impact of a constant effort budget to the program. 
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Table 5: RHIC spin example schedule, 10 physics weeks per year. 
Fiscal year Spin Weeks CME(GeV) P L(pb-' Remarks 
2005 9 200 0.5 10-20 ALL(TrO, 3 - 4  Y 

also 500 GeV studies 
2006-2007 10 200 0.7 I AGS Cold Snake commissioned, 

NEG vacuum coating complete 
2008-2009 10 200 0.7 Direct y 

2010- 1 1 10 200 0.7 completes goal 

2001 2- 13 10 500 0.7 P H E W  muon arm trigger 

2014-2015 10 500 0.7 STAR forward tracker 

201 6-2017 10 500 0.7 

for 200 GeV running 

installed, eng. run 

installed, W physics 

201 8-20 1 9 10 500 0.7 Completes 500 GeV goal 

. 1) The science is presented in section 2. Here we have emphasized measuring gluon polariza- 
tion and anti-quark polarization in the proton. RHIC will provide the first sensitive measurements 
of each. We believe this is an exciting program, which addresses the structure of matter. 

2) The accelerator requirements are presented in section 3. We are well along in reaching the 
polarization requirement of 70%, and anticipate reaching this goal in 2006, for 200 GeV running. 
To reach this goal for 500 GeV running will require releveling the machine, which is planned. 
Reaching the luminosity goal will be challenging. We must store 2 x 10l1 polarized protons in 
110 rf bunches in each RHIC ring and collide them. Limits of betatron tune shift and of electron 
cloud formation will be tested. For the physics sensitivities presented, we have used a luminosity 
of 2/3 of the calculated maximum. 

3) The required experiment resources are presented in section 4. The PHENIX and STAR de- 
tectors are complete for the gluon polarization program. Both need improvements to be ready for 
the W physics program. These are described in the section. For a "technically driven" program, 
where the improvements are funded and completed as proposed, the PHENlX detector will be 
ready for W physics in 2009, and the STAR detector in 2010. 

There are also important planned upgrades for the heavy ion and spin programs that greatly 
extend the range of spin physics, and these are also described in section 4. 

4) The impact of a constant effort budget is presented in section 5, where we compare the two 
plans, as requested in the charge to the RHIC Spinplan Group: 

"I ask that you consider two RHIC Spin running scenarios: I )  5 spin physics data taking 
weeks per year (averaged over two years using the combined fiscal year concept); 2) 10 spin 
physics data taking weeks per yeal: These two scenarios will give appropriate indications of 
the physic goals that can be met over a period of years without involving the Group in dificult 
funding and cost scenarios that are not central to the calculation of physics accomplishments 
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over time.” (Appendix A) 

The plan with 10 spin physics weeks per year, the technically driven plan, completes the 
gluon polarization measurements and the W physics measurements by 2012. 

The plan with 5 spin physics weeks per year completes this program in 2019 or later. With 
this plan RHIC runs 25% of the year on average (we assume 10 spin physics weeks per two year 
cycle). 
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RIKEN BNL Research Center 
RHlC Spin Collaboration Meeting XXXl 

January 14,2005 
Bldg. 1005, Third Floor Conference Room 

Brookhaven National Laboratory 

MorninP Session (9:OO-11:30) 

Ramp Configuration & 0.85m beta*. .................................. .M. Bai 

Preliminary Beam Polarization from Run4 Jet.. ...................... S. Bravar 

Update on the Jet Target.. ............................................... ..A. Zelenski 

Afternoon Session (1:30-4: 00) 

Discussions on the Report to DOE.. ................................... ...All 
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Polarized Hydrogen JET Target 
+ very precise; in 2004 AP < 
--- slow, 5% relative measurement possible in a fill? 

now it takes 1 week . 

YO absolute !! ! 

Carbon Polarimeters 
ultra fast 

+ beam studies 
-. absolute calibration or continous calibration ? 

stability of calibration and systematics is still an issue 

Stern-Geriach resonant cavity polarimeter 

very tiny signal (pp coupling in a RF cavity) 
4- non destructive 

-- awaiting proof of p r i ~c j~ l e  ... 
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With 2004 beam conditions (40 x 1 01' protons / store) it takes 
about 90 hours (1 week) to achieve a - 5% measurement. 

e 

more beam: 

higher polarization: 40%+ 55% 

40 x 10l1 + 120 x lo1' 

( m b e a m  / Pbeam depends ah0 On h e a m )  

r l r  

*:$ .'i 

t range (more Si detectors) < 1.5 x 
-2 . hxww JET acceptance: @ acceptance (new magnet) 1.5 - 2 x ~,> >-' 

(major redesign !) 
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displayed errors 
are statistical only 

AN (0.0015 < -t < 0.01 GeV’) = 0.0391 k 0.001 1 k 0.0015 k 0.0008 

BROOKHlLVEN = 0.0391 k 0.0020 
UATlOh4L L&RORATORI 

et 

pellet diameter 25 pm 
Rate 10 kHz 
beam divergence 1 m a d  
beam diameter 2 mm (FW 
pellet velocity 90 d s  
average distance 9 rnm 

thickness - 2 x 1015 H / cm2 

CCD-ceri era 

vacwm injection cap:llaty CCD-camera 
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.” enough space to install two independent targets 
with recoil detectors - 50 cm from target 

measure Pbeam in the other half of the RHIC ring 

YZTlOh BROOKWUEW ‘b‘ L&Ui)RnTOR1 

Y 

8 

RHfC beams + 
internal targets 
fixed target mode 
G- 14 GeV 

t = (Po,, -Pin >” 0 
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limit t range ts 0. 
Si detectors located - 40 - 50 cm from target 
(beam pipes separated by - 70 cm) 
Tof < 50 ns: good se al=L%icm sf reco& fmm 

no limitations on azimuthal angle: 
90' as well as 45' detectors 

much smaller detectors with higher segmentaion compared to JET - 20 x 40 - 60 mm2 3 better energy (- 30 keV) & time (- 1 ns) resolution 
faster signals + % shorter tof 
easily operate with "240" bunches 

4 much improved polar angle resolution A ~ R  (& Mx2 < 0.02 GeV2) 
almost point-like target: - 1 .mm FW 

ainage: cfi-. pC polarimeter: 
- 10 x less events required ( A P  !) - 10 x much larger / affected area 
not an i sme ! 

ICI 1000 
E ; 900 

* 800 f 
g 700 

600 

500 

400 

300 

200 

100 

0 20 40 60 80 I00 -1 _L -L ,..I 120 "I.& 1-. 140 

TOF in ns 
npop7cz 

paxKypouvG p€cp€pxov ptmz P€ 1p'Tcpo 
otyvt$tXavThyr v a v y  a o€xov6 Et 6€Z€ 

(ann TO DE 2€02€6 !) 



Recoil spectrometer: 
-_ Straightforward 

Target: 
- Vacuum: can we achieve IO-’ Torr or less ? 

(target open only during measurement) 
- Impact on beam: no disruption or halo increase ? 
yl_ cost 

Performance: 

If start now can be ready for 2007 - 2008 

some R & D on detectors and readout needed 
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RHIC pC polarimeter 
what has been achieved and what needs to 
be done 

Osamu Jinnouchi 
RBRC 

2/10105 RSC meeting 

Brief description of system and data 
Some measurement performances (Run-04) 
Summary of the systematic errors 

EI Calibration using Jet-target : obtained AN 

Offline analysis results of Run-04 
Consistency check with online result 
Corrections with newly obtained AN for past 
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L 

Detector layout 

Ultra thin Carbon 

5 

Thin dead fayer For low energy 
carbon spectroscopy 

tS Strips are parallel to the 
beam direction ' 

0 72 strips x 2rings 
45degree detectors 
(1,3,4,6) see reduced AN 
(by 1m-W)) 

ab. 

DAQ and Data 
I .  . .  types 

I . . ." -_. --Shaped Si Signal 
cr .- 

I 

L Offlinedata 
typical I y 

15M carbon selected 
events 
(27M overall events) 
corresponds to 170MB 

size 
DAQ time : -10 seconds 

1 
20M events l20sec 
- Pulse Height - Bunch ID 

- Integral (Q) 

Scaler data 

eadout time: 3min 
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Strip by strip asymmetry study 

2 ’% 14 - 
error turned out to be negligible (2 
parameters) 

Jet calibration, i.e. Blue ring 
100GeV) 

4 (Used data set is what is used for I2F 10 

4 Great achievement in 
R@.HPo4 Osamu Jinnouchi RBRC 

1 Angle fill dependence 1 
p 0.15 4.07944 i 0.01485 

, 
m 

Rotator Rotator Rotator 
ON 

Q 0.05 1-11 I I 
I ;  I 

Best fit of all 
blue points 

/ r” 

BLUE IOOGeV 
With Jet 

-Fill by fill fluctuation is explained as a statistical behavior 
-To reach df= 20mrad (the error size of red points), 32 CNI rui 

-Good sensitivity to spin angle measurement 
211 012005 Osamu Jinnouchi RBRC 
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Strips (in Radian) 

33 . .  
D We claimed that we observed significant polarization 

Cl Is it a fine statement ? 
0 Within a FWHM we cannot tell the difference 

profile 

8 

1 -16 CNI runs of 24GeV data taken with Jet (including longer ri 
- Angle: zero consistent with good statistics 
- c2/ndf : not so bad 
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'. 
I'. 

Beam profiles (in other ring) 
Blue is also the same 
situation 
Only one scan saw a very 
weird profiles in both 
intensity and polariz'aqon 

Blue vertical scan 
BLUE x~rizmta: T&W .Gscanj iin 5x29 f 

* 

Beam profile issue will be gone, 
anyway 
In the new application tool for the RHIC 
polarimeter (available from Run-05), the beam 
center finding (fast target scan) will be done 
automatically and easily 
As long as the target is sitting away from the beam 
edges, we can avoid the profile issue 
Also with the new RHIC application, the plan is to 
make regular measurements with the target 
moving back and forth 

(CAD) is working on this 
application 
We need commissioning of this new tool at the 
beginning of pp run 

Osamu Jinnouchi RBRC 
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List of systematic 
Difference between e90 vs. e45 (run by 

items 

I Radial component (run by run) 

' Cross asymmetries (run by run) 

Bunch by bunch azimuthal fit (removing 

ndent systematic error (Bunch 

W d t  dependence (mass 2vs.3 sigma 
\ 

cuts) 

(1) dP/P from Jet 

(2) Energy correction ambiguities , 

Run02 Run03 [Run04 
Statistically fluctuate with N/A but expected to 
small deviation from zero be very small from 
(reasons were not the azimuth fit to the 
understood) strip by strip 

DONE 
- ..I 

0.005-0.01 5 in 

tnergy correction 
_I estimation 

its with non-relativistic 
kinematics 

+ to 
1181.6 t.o.f.(ns) = I, 

2 
kJWith the factor 1181.6, the fit is i s 5  

forced to the Carbon mass 
(I 1. I 7GeV/c2) 

i= 

211 012005 Osamu Jinnouchi RBRC 

96 



.,from fit 

hat makes difference in dead layer btw 

I O 3  
4 At flattop the carbon 

locus is closer to the 
timing threshold 

4 At high luminosity, the 
carbon locus is 
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i' 
d.' 

Energy correction for Run-04 
Silicons 

Estimated Si dead layer width (Fit Range 300-1 000kev) 

'< El Silicons are extracted from the same wafer for each&@a horjzonba target 

0 Fit within 300-1 000keV: use the average value from injection 

E The uncertainty is assigned as +12ug/cm2 
From the fluctuation between strip by strip 
This is also consistent with the systematical difference between 
injection/flattop 

measurements 
Blue 57ug/cm2 , Yellow 53ug/cm2 

Other systematic error is the cut dependences on the 

- 8 " ' '  
I 

L A  83 
bileinB4l 

,' 
/ 

BLUE I OOGeV 1.030+/-0.0008 c2/ndf = 277/1: 
extended version of D.Kowell's BLUE 24GeV 1.033+/-0.0007 = 136/3 

,' 
Errors are estimated with 

Wk!k &e data set is 
subset to the other) Yellow 1 OOGeV 1.033+/-0.0014 = 11 0/9 

Yellow 24GeV 1.034+/-0.0010 = 67/24 W b )  

(a/b)Jl'Wa)2 - (6b'b)21 So we expect 3% relative change due 
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i j po 0.05052 f 0.001621 
i pq 9.01181+-0.009~3 

04 %z 0.05 

a L 
I 

- 0 .O l i r  I 
. i .  i o:w5 ‘0.b; 0.015 ‘0.02‘ o:d25 ‘0.03‘ 0:;s ‘0.b’ -t (GeVlc) o:o& ‘OJE 

El pc‘ AN(t) was reported in spin-04 conference 
E l  Two main systematic errors @P/P from jet 8.5%, Energy 

€3 Since two compo 

ANE950 

El Jet calibrated AN is smaller 
than the Larry’s fit to E950 
The ratio dramatically 
changes in momentum 
transfer -t 

Ll Since we do not have a new 
AN at 24GeV, we will use 
these for the offline values 

24GeV - use E950  AN(^) 
1 OOGeV - use new 100GeV 
A&) 

, , . . . . . . . . . . . 

, . . . . . . . . 
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Average p online ( P )  = 0.378 
after May 

offline ( P )  = 0.401 

3 sigma mass cut 
mi Pdxirntbn Use new AN(t) 

When online energy 
I correction changed 

from '50ug/crn2 to 
66ug/cm2 at May l a  

Time in days (from 4/1) 
--- 

Only the CNI runs 
taken with event 
mode data are 

online (P)  = 

Use E950 AN(t) 
! E24 Polamatian 

0.94+/-0.004 I 
i 

1 



Run-04 Yellow 
I OOQeV sigma mass cut e p online ( P )  7-0.339 

offline ( P )  = 
Use new AN(t) 

1 Y l W  Polahation J 

I 
I g aa 

' ~ t - i en  online energy 

1 

0 

-0.1 
tima In dw 

3s 

Run-04 Yellow 

1 

offline (P)  0.402 



Short history since RHIC retreat-04 
af online 

Poet-online) = 0.369 +/- 0.02 
P(pC -online) = 0.381 +/- small err 
factor = 0.369/0.381 

= 9.0.969 

in offline analysis Consistency check between alt and selected runs 
P(jet-offline, selected runs) = 0.386+/-0.033 
P(pC-online, setected suns) = 0.359+/- small err 
factor = 0.386/0.359 

= 91.075 

P(jet-offline, all runs) = 0.392+/-0.026 
P(pC-online, all runs) = 0.377 +/- small err 
factor = 0.392/0.377 

= ~~'~~~ 

[comment] 
from D.Kowell's formula, lsigma of the two 
data sets would be (one is subset of the other), 

then the second factor (for example) could have error 
~qri(O.0332-0.0262) = 0.020 

Fixed AN values were used for all the runs 

These values were obtained from J.Tojo, where he 
used the asymmetry information of both E950 and 
RHIC CNI to estimate AN value at RHICf range 
(lower 4) 
Since the RHIC asymmetry saw the rather large 
asymmetry in the lower -t region, this analyzing 
power is estimated larger than simply estimated 
from E950 
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In the past runs, how the AN was 
I determined ?? -2 

In Run03 Offline 
Used effective AN based on the Larry’s function fit 
to E950 data points: weighting by the number of 
event is the idea 

CiA$”o(t)i x xi ATi 

Blue -f = 0.0134 - 0.0201 (600-900keV) 
Yellow -t = 0.01 12 - 0.0201 (500-900keV) 

This rather high -t values are due to large energy 
correction 

In Run04 online 

A N ( t )  = 

-t range was chosen to 

calculated 
For Run-02 

Recalculate the effective AN(t) within the defined -f 
range, and simply replace it 

Need to take the ratio of effective AN(t) from E950 
and Jet calibration 

Compare the online and offline (new AN is taken 
into account) results 

E l  All of these takes into account the N(t) (cross section shape) 

El The result does not change by using elastic shape N(t) = 

For Run-03 

For Run-04 

from the data 

NoExp(-Bt) 
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Correction factors 

'a' ' ' d . i b  ' 0.01' Odl5 0.b 0.d 
Integration start -t ( G B V ~ ~  

If we simply take 
the ratio of AN(t) 
integrations 

Integration range is defined for each year 

E, A;Ft(t)N(f) 
E, A ~ Q ~ C J ( ~ ) N ( ~ )  

Cross W o n  weighted mean I 
- I _ _ - ,  

I * 
I 

the jet calibrated pC &(t) 
with 66 ug/cm*energy correction (shii 

................. 
..................... 

Correction factors for the past runs 

Correction Factors 

un-0 Pol goes up by (+I 3.6%-I 1.3% Of 

(+I 3.4%-11 .O% of 
itself) 

itself) 
Pol goes up by 

Pol goes up by (+I 3.6%-I 2.7% Of 

(+I 3.0%-I 2.7% Of Poi goes up by 
itself) 

El Poi goes up by (+12.3%-11.8% 
of itself) 

iy Pjet erru 
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Cons is te ncy 
(relationsJE 

= mg/cm2 - dP/P=O.01 

0 .- 
.c, 

2 
1 

R=I .21 I __-_I_ dl=49ug/cm2 
.?-- 

__ .- l....l_l-.___ 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I 

The things need to be done with Run- 
04 data 

4GeV calibration 
Not satisfying statistical accuracy, but worth 
to see any deviation from E950 curve 
pin turn by turn frequency measurement 
By using the unique bunch crossing id, 
pursue the turn by turn asymmetry (spin 
precession) 
Fourier frequency analysis is the way to go 
(maybe) I can play with this data during the 
next week 

211 012005 Osamu Jinnouchi RBRC 
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Summary 

RHlC pC polarimeters are becoming very 
stable device and precise tool to 
measure the polarization 

ood quality data samples enable to 
explore the interesting features of the 
beam properties 
Still the energy correction is the major 
issue 

Things will get better when the beam pickup 
is gone 

106 



The time dependence during the 
--lmmaiq not seen a strong correlation 
- BLUE 100GeV i ::E Eth=320keV 
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Sigma = 1.5 0 2.0 GeV during a long f i l l  ?sigma c u p u t  3sigma (6.7-15.7GeV) 0 (5.2-17.2GeV) 
2sigma (8.2-14.2GeV) 0 (7.2-15.2GeV) El00 Ratio 

'ect of the cross section 

10' I I :  r 

1.y- 

1 . 0 5 ~  Weighted by EXP(-68t) 

! 
O.OOt ' 0.01 0.a15 0.02 '0.025 0.k 0.035 'o& 

10~~--. i 
Mc +/- 5GeV cut -t 

Slue: in'lagrsi 

.. 
QR infnnr~ N counts for the weights 

iinh f ie frnm 
UL, ....- 3'". .. " 
Degradation in t..a.. . ." llvlll 

- Timing cut 
la55 Weighted bv Event sDectrurn 
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*"**AGENDA***" 

Gas - Jet Analysis Update ............................................. S. Bravar 

Summary of pC CNI. ................................................. .O. Jinnouchi 

Agenda dedicated to Osamu Jinnouchi as he takes a new position with KEK. 
All the best Osamu!!!! 
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: e/l acceptance, resolution, rates, & xc -+ J/u/ 1- yfeed-down 
h pT leading particles (y-jet, jet-jet), correlations, large q acceptance, 

y-tagged jets, large Aq range for correlations : 

c.L 
c.L 
Q\ 

I? 

t, high pT identified particles 
ection, precision vertex tracking (c/b-decays) - -  

( es p ec i a I I y jet p h ys i cs ) : jet recons t r u et i o n , s i n g I e- p h o t o n de t ecG o n (y/W separation ) , 
b/c-t ag g i n g 

tection and missing energy measurement 
I: e and detection, jet reconstruction, blc-tagging and 

RHIC Spin Collaboration Meeting I 1  March 2005 Brook haven National La bo rato ry 



i I 
- Tracking 

- High-rate capabilites (pixel, silicon and GEM-type detectors) 
- Precision inner vertex detector system - secondary vertex 

reconstruction, momentum resolution 

- n, K, p to -20-30 GeVIc 
- precision inner vertex detector system - secondary vertex 

reconstruction, momentum resolution 
lectromagnetic and hadronic energy 

- Particle Identification 

- transverse and longitudinal tower segmentation (for jet reconstruction 
and electron/hadron separation). 

RHIC Spin Collaboration Meeting 1 I March 2005 Brook haven National La bo rat0 ry 
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Alternative: R2D based on CDF 
JCDF and CLEO have same field and p a m e t  radius) 

t3 
0 
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-6 -4 -2 0 2 4 6 

Preliminary STAR results on number 
correlations for pT 2 GeVlc 

PP 
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ti vacuum 
production mechanism & polarization 

medium (out to 20 GeVic) 
- Clean parton energy determination via y-jet 

RHlC Spin Collaboration Meeting I 1  March 2005 Brookhaven National Laboratory 
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Tracking Detectors in Barrel Simulation 
Detector R uosition half-length Sigma-r6 Sigma-Z Thickness 

(cm) (cm) 
Vertex detector[-1~ i. 
1.APS 1 2.8 9.6 
or 2 4.3 12. 

SiPixel 3 6.5 21. 
4 10.5 27. 

Main tracker 
2a. Si strip 1 19. 39. 

2-sided 2 24.5 42. 
3. 31. 45. 
4. 38.5 51. 
5. 46. 57. 
6. 56. 60. 

or 

2b. miniTPC 22.5 - 60. 55. 
(35 pad rows with 0.2x0.8 pad size) 

High p,tracker 
3. Mho-pattern pad detector 

1. 70. 76. 
2. 115. 110. 
3. 135, 130. 
4. 170. 165. 

0.003 0.03 0.03 

0.012 0.035 0.2 Mylar + Gas 

0.17 0.17 0.3 G10+ 
0.01 0.9 1.Gas + 
0.01 1.2 0.05 Mylar 
0.01 1.4 

Y j  I Only two vertex detector layers were used in the track reconstruction of this simulation. These were Si pixels of 20x100 pm2 size at 6.5 and 10.5 cm radii. 

RHIC Spin Collaboration Meeting 1 I March 2005 Brookhaven National Laboratory 



omentum Resolution 
dPtlPt, % 0 . 8 4 ~ 1  1.6 

lql 0.8 " _ _  0 - 0  

dPt/Pt, % 
i . . . . .. - . . . . . . . . . . 

! 0 *- Pt)d detectors only 7 11 
-* 

Pt,rGeV/c 
Y 

W 
0 

dPtlPt, % 
.. ._ 

0 

.. . 

c 

In1 > 2.2 

0 ! 
e 

. !  Q 
0 

0 -  

! 

Pt, GeVIc 

RHIC Spin Collaboration Meeting I I March 2005 

dPt/Pt, % 

Pt, GeVIc 
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-5 -4 -3 -2 -1 1 2 3 4 5 
% 

decay & determine feed-down to Jlyi 
must have large forward acceptance for y 
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G Central detector ( I Q ~  c 3) $57 M 
r~ Magnet 

o Tracking (Silicon or Gas) 
B Vertex(APS) 
a HCAL (streamer tube exchange) 
a Muon chambers 
u EMCAL 

E Central 
Q Endcap 

~8 RICH (mirrors from SLD) 

L $  Coil (replace with superconducting) 

KI PID 

c-r B TOF 
w 
h, P Aerogel 

E Forward detector (q = 34) 

Tracking (Silicon) 
o Magnet 

~1 HCAL 

o EMCAL 
O PID-RICH 

Combined DAQlTRG 

$ 2  M + in kind (SLD) 
$10 M 
$15 M (inc. STAR upgrade) 
$ 2  M (inc. STAR upgrade) 
$ 2  M + in kind SLD 
in kind SLD 

$ I M + in kind (STAR, DO) 
$ l O M  

$12M 
$ 1 M in kind (STA 
$ 2 M  
$ l l M  
$ 1 M + in kind DO 
$ 5 M  
$ 2  M + in kind H E M  
$ 2 M  
$ 1  M + in kind CLEO 
$ 1 5 M  

cI””- 

RH C Spin Collaboration Meeting 11 March 2005 Brookhaven National Laboratory 



w 
w 
w 

The RHiC II program will NOT be successful without a comprehensive new detector! 

HIC II Detector 
1 The RHlC physics program will NUT be complete without a successful RHlC II program I 

Ae rog e I 
I 

Central detector (Irll5 3.4) 

Forward tracking : 

Forward magnet 

EMCal (CLEO) 
HCal (HERA) 
p-absorber 
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DX magnet 
I 
1 
I 
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9 m  
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DX magnet 

16 m 
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RHlC pp Plan 

Mei Bai 
Brookhaven National Laboratory 

h~p: / /www .agsrhichorne bnl ,gov/AP/Spin2005/ 



Status 
A ramp for Physics at 1OOGeV is prepared(pp21) 
Preparing pp22 for the 205GeV ramp 
BPM Plans 

Fix the snake and rotator bpms during the access 
time 
BPM integrity checkup 

Double check the DX bpms at IP12 for Jet and BPMs 
for CNI polarimeter 

goal: to get rid of all missing wiring problem 

CNI polarimeter: on schedule 
H Jet polarimeter: on schedule 
AGS status: Haixin's talk 

-"---" _D_ I -- _I--"" --" I -_1_1_ "I " "___""l-.l~ - --." _̂-- 

March 11, 2005 RHIC Spin Collaboration Meeting 
BNL, Upton 



AGS cold status 
- ~ - - " ~  ..---- 

L l  Everything is buttoned up and ready for cool-down 
(Friday night). 
Low level testing once the magnet is cooled 
Full testing 
Ready to deliver 

Estimate still holds for March 30, Coc Id be a coc 
days earlier if everything goes smoothly. 

pie of 

March 11, 2005 RHIC Spin Collaboration Meeting. 
BNL, Upton 





Timeline and Run Plan 
- _ _ _ _  - 

March 24,0800: 
end of Cu run and beginning of pp run 
Maintainence: 8 hours 

experiment setup 
ps work by George: 4 hours 

March 11, 2005 RHIC Spin Collaboration Meeting 
BNL, Upton 



Timeline and Run Plan 
March 24 - March 26 0800 

Injection setup 
circulating beam with snakes and experimental 
magnets on 
Rf capture 
beam instrumentation setup 

Bpm timing and integrity check-up: 6 hours 
RHIC tunemeter and injection damper timing 
IPM, PLL, Schottky, BLM threshold 
CNI polarimeter: existing Si detector and targets 

tune and chromaticity setup 
orbit correction: -0.5mm 
decoupling 
snake current scan 



Timeline and Run Plan 
March 26 - March 30 0800 

Energy Ramp development 
Brho loop 
tune the tunes and chromaticities 
orbit corrections 

March 30 0800 - April 1 0000 
RHIC access 

Jet target installation 
CNI new target and detector installation 
bpm work 

Fix the miss wiring bpms 
Add 6 mare planes 
Fix the snake and rotator bpms 
Cross check the bpm at iP12 

I ~~~~- I_ -_ -.__ -I- - I ..- --- -1-1- + & S S - c Q I d - s n ~  . lation 
March 11, 2005 RHIC Spin Collaboration Meeting 

BNL, Upton 



Timeline and Run Plan 
April 1 - April 7 

Resume the ramp development 
Commission the CNI polarimeter with new Si 
detectors 

March 11, 2005 RHIC Spin Collaboration Meeting 
BNL, Upton 



Tirneline and Run Plan 

Establish collisions: steering, collimation, I 

April 10 - April 16 
Fine tune the ramp to improve polarization 
Provide collisions overnight for experiments 

Spin Physics: 9 weeks 
polarimeter calibration using Jet at injection 
Machine development 

April 16 - June 25 

acceleration to 205 GeV 
Polarization development 
Phobos 24 hours collision data taking at 205 GeV 

March 11, 2005 RHIC Spin Collaboration Meeting 
BNL, Upton 



Schedule 
polarimeter calibration using Jet at injection 

Results from FY2004 data 
How long is needed 

Mach i ne development 
acceleration to 205 GeV 

start as soon as we are in the steady Physics run 
phase 
3 - 6 DAY shifts needed to develop the ramp before 
polarization development 

Phobos pp data taking at 205GeV 
24 hours data taking 
At the end of pp run 
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ooster harmonic scan to make sure no 
ation loss in the Booster. 

rnmissioning CNI polarimeter. 
dipole pulses (timing, driving a 

tion, coherence). 

0% with intensity. 
establish olarized beam at AGS extraction. 

4 Haixin Huang BROBKHAWEN 
NATl ON A E LABORATU RY 
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measure both beams 
trange of 1 x e -t e 1.0 x GeV2 
<AN> = 4 O/o 

same detector will cover both beams 
(recoil arms off set by ~ 5 0  mm) 
all detector read out at all times 
both beams measured at  the same time ? 

+ 
5 

* Pbeam 1 Pbeam < 5 O/O measurement in N 1 week 
(based on '04 rates, assuming 60 x loi1 protons, ...) 
3 4 "Blue" and 4 "Yellow" independent Pbeam 

measurements & A,Pc calibrations during ' 05 run 

1 1 - 8  121 11-18 

SROOKH~~UEH 
more background running (at least 10 O/O of data) NA'L'B OKX 1, LA I 3 0  khTORY 
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r 
New grounding scheme 
hopefully will suppress / eliminate the beam induced pickups 
(believed to be the major source of systematic effects) 

New Front End electronics 
will solve all oscillation problems 

L.. 

New shaper boards 
calibration measurements much simpler (and therefore more frequent) 

Target "upgrade" 
better alignment & new frames 
new controls 

w 
o\ 
w 

< -- 
I** -9- 

f '  

BROQKHAUEN 
N R I I ox n I, I*,\  IS0 K.1 r o  LIY 



2 independent WFD / DAQ systems for Blue and Yellow ring 
JET still coupled to one of the pC polarimeter readout 

Much faster compared to 2004 using USB Camac controllers: 
r-dp - 8 x faster with 12 MB / sec data transfer rate already achieved 

(need debugging) 
typical measurement e 15 sec (vs. 2 min in '04) 
readout of a ramp measurement c 2 min (vs. - 30 min in '04) 
expect even faster (2 x) with new firmware (doesn't work yet !) CL 0 3  

P 

Several automated tasks developed / being implemented 
- new interfaces for operators (target, DAQ, online QA, ...) 
*-**-i* target scans 

** polarization profiles 

New FPGA algorithms being developed 

y ~ N m  address / solve some problems encountered in previous years 
better Timing 6 Energy resolution 
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ri 

No more beam induced pickups ! 
solved all intensity related issues 
works reliably up to and above 2 x IOi1 p / bunch 

Almost ready to restart operations 
-w* RF clock still to be solved 
017 new AGS cycle 2 redo timing 

Later during the run will install also 450 detectors 
(relevant for cold snake) 

r,*-Ms all hardware already in place or available 

Polarimeter chamber realigned during ‘ 04 shutdown 
observed acceptance asymmetries indeed due to “bad“ alignment 

Detectors moved ~5 mm forward to work also at  injection energies 

Develop more automated procedures for ramp measurements BROOICHawEw 
N A  f li 0 Pr’ A 1 LAD 0 lIATO BY 



significant developments / upgrades from ' 04 
will address several "open" issues and 
(hopefully) solve some pending "problems" 

much faster DAQ 
Yellow & Blue independent readout 
a detailed polarization studies 

AGS polarimeter almost ready to start operating 

RHIC pC polarimeters "upgrade" & JET installation 
on March 30 - 31 
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c 8001 19.6 GeV 
"t3 2 6001 

Most Central 

200 

0 -5 0 5 

130 GeV t 

5 -5 0 

PHOBOS PRLSl(2003) 

200 GeV t 

-5 0 
?? 
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59 
0 

n 401 

F 

PP(FP> Data 
e+e- Data 

----Fit to &e- 
a PHOBOS 
7 PHOBOS interp. 

NA49 
E895 Correct for 

leading particles 

0' I 
I 1 1 1 1 1 1  I I I 1 1 1 1 1  I I I 1 1 1 1 1  I I I I  

1 I O  I O 2  i o 3  



8 '. pp(Ep) Data @ 6 / 2  ; ' t e+e- Data 
- - - -  Fit to e'e- 

PHOBOS 
' doti% seem to fit 

r 

E895 

f&% ,,i" 4'" 
,/ PHOBOSinterp. d' 

NA49 
7, -( Universality of 

r* z '. ,#' particle production? 

I O  

I I I l l 1 1 1 1  I I I I 1 1 1 1  I I I I I 1 1 1  I I I I  

A n 

I I O '  
\Ts(GeV) 
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Summary of BUP Run-5 Request 
I - -  - 

Estimates made using the Collider Accelerator Department 
document (Roser, Fischer et al document, 28-Jun-04) 
cu-cu 
- We predicted PHENlX would r e i r d  2.9 nb-I and we did, 

* PIP polarized we predict we would record 5.5 pb-I at an 
average polarization 45% from 91 weeks of running 
- 5.5 pb-1 will give us a reach of pTmax of 6-8 GeVk 
- We have 9 weeks (April I 6  - June 25) in all for physics 

If both the above conditions are satisfied earlier then conditional 
request: 

~n,,,, x Lmin 
just a little more (next slide) 

- 62 GeV Cu-Cu run 2 weeks (exception: Cu- in the ring! Did 

- GeV -3 weeks at (expecting: 0.3 pb-Vwe 

it!) 

Abhay . De shpande@ S tonyB rook. Edu 



-- ., . . -. I  . .  . . .  , . .  . -  . .  .. . .. . . . . .  , .. . .  .. . . 

Ge uCu lnte rated Luminosity 
.ep 5, 1 
-43 
25 4.5 

Goal 2.9 - PHENIX t~b-~llve BBCLLI 

8.6 B BBCLLI events sampled 
1.08 B events recorded 

0.5 

ii 

3.06 nb-I live BBCLLI (rr=2.91 b) 
(2.83 nb-1 with MufD ~~~~~~$~~~~~ 

Abhay.Deshpande@StonyBrook.Edu 
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